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The end of the 19th century was a period of 
rapid advance in the science of bacteriology. 
During this time a. series of discoveries were made 
which opened a new era in the study of diseases of 
the respiratory system. An early important work 
on the bacterial aetiology of pneumonia was that 
of Friedlander who in 1882 observed capsulated 
cocci in the lung which he showed to possess 
pathogenic properties. Fraenkel in 1886 described 
capsulated diplococci in pneumonia which differed 
from those of Friedlander. These findings caused 
confusion and controversy which was cleared by the 
work of Weichselbaum (1886) who demonstrated there 
were two organisms concerned, Klebsiella neumonia 
which corresponded to the organism described by 
Friedlander, and the pneumococcus. Although the 
names of Fraenkel and Weichselbaum are now linked 
with the pneumococcus,the first observation of the 
organism was probably by Klebs who in 1875 saw 
cocci in the lungs of patients dying from pneumonia. 
In 1861 Pasteur and Sternberg independently 
isolated pneumococci from rabbits by the 
inoculation of saliva. Pfeiffer in 1892 isolated' 
a bacillus which became known as Haemophilus 
influenzae in view of its association with 
influenza in the epidemic of 1889 -92. In 1881 
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Ogston described the arrangement of micrococci in 
clusters and chains in suppurative lesions. 
Thus by the end of the 19th century the 
organisms which are associated with non 
tuberculous infections of the respiratory tract 
had been identified but about 50 years passed 
before a chemotherapeutic agent was used in the 
treatment of these infections in man. 
Pneumococcal infections in mice were 
successfully treated with ethylhdrocuprein by 
Morgenroth and Levy in 1911 but this drug was 
found to be too toxic for human use. 
The introduction by Domagk in 1935 of the 
sulphonamide compounds was the first advance in 
the treatment of human bacterial infections with 
chemotherapeutic agents. 
In 1928 Fleming observed the inhibitory 
action of a colony of penicillium on a culture 
of Staphylococcus aureus. This observation was 
the first stage in a new field of chemotherapy. 
The successful application of penicillin in human 
medicine was followed by a search for similar 
products and the large number of antibiotics now 
available, is a measure of the success achieved 
in this field. 
Following the use of effective chemotherapy, 
there was a marked change in the prognosis of 
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respiratory infections, which is seen in the fall 
in the death rate from pneumococcal pneumonia. In 
the pre antibiotic era 13.2% of non bacteraemic 
and ?3% of bacteraemic cases had a fatal outcome 
(Heffron 1939). The present death rate in 
pneumococcal pneumonia is now considered to be 
about 5% (Stuart Harris 1959). 
Although much progress has been made in the 
treatment of non tuberculous infections of the 
respiratory tract, these conditions are still 
responsible for a great deal of sickness in the 
present day. Logan (1953a) showed that 24% of 
consultations in general practice were concerned 
with respiratory conditions of a non tuberculous 
nature. A study of the Registrar General's 
Review for 1959 showed that in that year, 
approximately 52,000 persons died from chronic 
bronchitis and pneumonia. 
It was therefore apparent that non tuberculou 
infections of the respiratory tract were subjects 
worthy of study. The present work is devoted 
to an investigation of the bacteriology of these 
conditions with particular reference to chronic 
bronchitis and pneumonia. 
As there have been few studies in recent 
years of unselected cases of pneumonia, there is 
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little information on the character of the disease 
in the present day. It was considered of interest 
to investigate such cases with the object of 
determining the nature of infections now 
responsible for pneumonia, and in addition to 
study the susceptibility of the bacteria to the 
antibiotics commonly used in the treatment of 
pneumonia. 
In this country chronic bronchitis is 
responsible for high morbidity and mortality rates. 
Infection is now regarded as a factor of considera- 
able importance in the aetiology of the disease. 
Repeated infective episodes produce irreversible 
damage to the lung tissue. In certain long 
established cases of chronic bronchitis, it was 
observed that prophylactic chemotherapy was 
effective in the prevention of acute excerbations 
of infection. It was therefore considered that 
seful information could be obtained from a 
bacteriological study of cases of chronic 
bronchitis where an advanced degree of respiratory 
disability was not present, on the degree of 
bacterial infection of such cases, and also if 
. rophylactic chemotherapy was of value in 
curtailing the further development of the disease. 
Before embarking on these investigations it 
was considered advisable to study certain 
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bacteriological methods in order to find the 
optimum conditions for the isolation of bacteria. 
These were concerned with biochemical reactions, 
the treatment of sputum before examination, and 
selective culture media. The object of this 
study was to develope a technique which would be 
applicable to the work of a busy hospital laboratory. 
It was considered that methods of treatment of 
sputum and the type of cultural media employed, 
would require to be relatively simple in order 
to cope with the large number of specimens which 
were expected. 
CHRONIC BRONCHITIS 
The serious nature of chronic bronchitis is 
apparent from the high mortality associated with 
it. In figures 1 and 2 the number of deaths 
which were due to chronic bronchitis in England 
and Wales, and Scotland over ten years have been 
recorded. It can be seen that chronic 
bronchitis was responsible for a large number of 
deaths each year and moreover there has been no 
lowering of the deati rate in recent years; the 
deaths caused by chronic bronchitis in England and 
Wales in 1949 and 1959 totalled 20,166 and 24,138 
respectively. This is in contrast to the 
steady decrease in the number of deaths due to 
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Deaths in Scotland from- Chronic bronchitis 
Pneumonia .... Lobar pneumonia 
Respiratory tuberculosis 
in the years 1950 -1960 ( figures to the nearest hundred) 
Lobar pneumonia is a subdivision of pneumonia. '=he number 
of deaths is therefore part of the-total number of deaths 
clue to pneumonia. 
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recorded on figures 1 and 2. 
It is not the death rate alone of this 
disease which is so grave but also the illness and 
loss of man power resulting from it. In 1953 -54 
bronchitis was certified as the cause of incapacit 
for claimants for more than 25- million week days.. 
(Brit. med.J. 1956). Oswald (1958) in a study of 
the insured population for 1951 showed that a 
total of 26.61 million working days were lost due 
to bronchitis and this did not include mild or 
short lasting conditions which did not require a 
ertificate. 
Thomson (1957) found that in 1953 -54 
ronchitis caused 9.1 days of absence in every 
X00 working days. 
Chronic bronchitis is so often called the 
English disease. Although the number of deaths 
caused by chronic bronchitis in England and Wales 
is the highest in the world, the figures for the 
rest of the United Kingdom give no cause for 
pompla.cency. L'Eltore (1951) in a review of the 
percentage of deaths attributed to bronchitis in 
21 European contries, found that England and Wales 
had the highest figure of 6.97 %. The next 
highest figure was that of Scotland with 3.9% 
rollowed by Northern Ireland with 3.67 %. 
This country compares unfavourably with 
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Scandinavia. Stuart Harris (1957 and Ogilvie and 
Newell (1957) have remarked on the greater 
incidence of bronchitis found in England and Walesa 
In the period 1951 -1955, Christensen and Wood 
(1958) found the mortality in England and ' Males 
due to bronchitis was fifteen times that of 
Denmark. 
Although there may be differing criteria of 
classification in various countries, it is 
generally recognised that this alone does not 
account for the great excess of mortality due to 
bronchitis in this country over that found 
elsewhere. 
The pathogenesis of chronic bronchitis 
involves several factors. These include infection, 
polluted air, cigarette smoking, poverty, allergy, 
heredity,and the degenerative changes of 
advancing years. No one factor is primarily 
responsible but rather a combination of adverse 
circumstances. 
Infection in chronic bronchitis is of a 
secondary nature. Conditions of reduced 
resistance in the respiratory tract produced and 
aggravated by repeated exposure to irritants such 
as cigarette smoke and polluted air, predispose to 
the invasion of the bronchial mucosa by pathogenic 
bacteria.. Infection causes lung tissue to be 
damaged and replaced by fibrous tissue with 
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a consequent loss of pulmonary function. (Reid 1954), 
It is considered that the organisms most 
Frequently 
associated with the disease are 
aemo hilus influenzae and the pneumococcus. 
Early studies of bronchitis did not show 
such a. predominance of these organisms but 
demonstrated the presence of a wide range of 
bacteria in the sputum. This was obserbed by 
Marshall (1931) and Southwell (1946). In the 
opinion of the last writer all organisms found in 
the upper respiratory tract could be found in the 
bronchi in chronic bronchitics. Howell (1951) 
demonstrated a. large variety of organisms in the 
sputum of chronic bronchitics, and in addition 
showed that the bacterial flora differed at 
subsequent examinations. 
May (1952, 1953a) demonstrated that this 
variation was in fact due to an irregular 
distribution of pathogenic organisms in the sputum. 
He advocated for the successful isolation of 
Haemophilus influenzae and the pneumococcus, that 
the specimen should be homogenised. A technique 
emptying pancreatin as the homogenising agent was 
devised by Rawlins (1953, 1955) and used in 
subsequent investigations (May 1953b1 May 1954, 
May and Oswald 1956). In 1954 May demonstrated 
Haemophilus influenza e in the sputum of 80% 
to 90% of cases. There was a variation in the 
isolation rate of pneumococci which fell from 71% 
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to 20% during the course of the study. The high 
isolation rate of Haemophilus influenzae was in 
accordance with the findings of Mulder (1952, 1956), 
Although Mulder did not homogenise the sputum he 
used a selective medium for the isolation of 
Íaemophilus influenzae. In the majority of 
investigations, Haemophilus influenzae has been 
isolated more frequently than the pnaumococcus 
(Elmes and others, 1953; Helm and colleagues, 
1954; Edwards and associates, 1957; Buchanan and 
co workers, 1958; Brumfitt and Willoughby, 1958; 
Murdoch and others, 1959). Examination of 
bronchoscopy specimens from patients with 
bronchiectasis by Allison and colleagues (1943) 
showed the predominance of Haemophilus influenzae. 
In 1953 Stuart Harris and colleagues demonstrated 
a. 50% isolation rate of pneumococci compared with 
15% for Haemophilus influenzae. 
More than one factor may be concerned with 
the variation in results. There is a difference 
in the number of cases studied in each 
investigation. The studies of May (1953b), Elmes 
and others (1953), Helm and colleagues (1954), 
and Buchanan and associates (1958) were concerned 
with small numbers of patients - 22 and less and 
it is difficult to relate the significance of 
findings in these investigations to those where 
large numbers of patients were involved. Such 
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studies were conducted by Edwards and others 
(1957) and Stuart Harris and associates (1953) 
who investigated 320 and 172 patients respectively 
A possible reason for the lower incidence of 
pneumococci in most investigations, is the 
omission of a specialised technique for the 
isolation of this organism. It is of note that 
Stuart Harris and colleagues (1953) who obtained 
a high isolation rate of pneumococci but a low 
isolation rate of Haemophilus influenzae used 
ouse inoculation in a number of cases but did 
not employ a selective medium for Haemophilus 
influenzae. In contrast, in many of the other 
studies, a selective medium was used for the 
isolation of Haemophilus influenzae (Allison and 
others, 1943; Edwards and associates, 1957; 
uchanan and colleagues, 1958; Murdoch and others, 
959). In addition to homogenisation,May (1954) 
entioned the use of special media for subculture 
ut details are not given. From a comparison of 
he bacteriological findings from bronchial swabs, 
sputum and throat swabs, Brumfitt and colleagues 
1957) concluded that as pneumococci were frequently 
ound on culture of throat swabs and sputum, but 
were absent from bronchial swabs, many of the 
strains of pneumococci isolated from the sputum 
in 
chronic bronchitis were contaminants from the 
throat. May (1958) commented that this form of 
bronchial swabbing would be effective in the 
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isolation of organisms causing inflammation at 
this level of the bronchial tree or deposited 
there by the passage of infected bronchiolar 
secretions, but as the site of infection in 
chronic bronchitis is commonly the bronchioli 
many organisms might not be isolated by this 
means. The general impression gained is that a 
good deal of effort has been made to isolate 
Haemo.hilus influenzae but little regard has been 
paid to the particular cultural requirements of 
the pneumococcus. Before a complete assessment 
of the frequency of isolation of the pneumococcus 
in chronic bronchitis can be made, it is essential 
that all methods which will enhance the growth 
and increase the possibility of isolation of the 
organism are employed. These include culture 
nder the influence of carbon dioxide and mouse 
inoculation. 
Further proof of the significance of 
Haemophilus influenzae and pneumococci in chronic 
ronchitis has been the removal of these organisms 
rom the sputum after treatment with antibiotics 
with resulting improvement in the condition of 
the patient. 
Chemotherapy has been employed as a 
preventive measure and during acute exacerbations 
of the disease. As Haemophilus influenzae 
14 
and the pneumococcus are both sensitive to the 
action of tetracycline this drug has been 
successfully used in long term chemotherapy for 
the prevention of acute excerbations of infection. 
(May and Oswald, 1956; Edwards and colleagues, 
1957; Buchanan and associates, 1958; Murdoch and 
others, 1959). The investigation by Murdoch and 
others, (1959) which was a double blind trial 
was carried out in two successive winters. It 
was observed during the second winter when there 
was a high incidence of fog,that these climatic 
conditions were associated with a high isolation 
rate of Haemophilus influenzae with purulent sput 
and the largest number of acute excerbations of 
infections in both groups of patients occurred 
during this period. Elmes and colleagues (1955) 
considered that patients infected with 
Haemophilus influenzae were more susceptible to 
the action of fog. 
Successful treatment of acute excerbations 
with tetracycline was reported by some writers 
(Mulder and associates, 1952; Helm and 
colleagues, 1954; Douglas and others, 1957). 
Penicillin alone in high doses and together with 
streptomycin was effective in a high proportion 
of cases of Haemophilus influenzae infection 
studied by Mulder and associates (1952). May (1956) 
If 
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found penicillin effective against the pneumococcus 
but Elmes and associates (1953) considered that 
this treatment resulted in an overgrowth of 
Haemophilus influenza.e. It was observed by 
ulder and colleagues (1952), May(1953b), and 
Elmes and associates (1953), that infections with 
aemophilus influenzae responded initially to 
hloramphenicol but relapses were frequent. 
It is apparent that not all cases benefit 
from antibiotic treatment. As Haemophilus 
influenzae appears to be frequently resistant to 
treatment, further studies should be directed 
towards the eradication of this organism from the 
sputum. However the choice and dosage of 
treatment may be limited by the presence of side 
effects as with tetracycline and oxytetracycline, 
and the risk of blood dyscrasias with 
chloramphenicol. A new antibiotic, ampicillin 
as recently been produced. As it is considered 
o be effective against Haemophilus influenzae 
and the pneumococcus, future studies on the 
reatment of chronic bronchitis with this drug 
re awaited with interest. The importance of the 
ontrol of infection cannot be emphasised enough, 
s each exacerbation adds further irreversible 
a.mage to the lung tissue. 
Further evidence of the infective role of 
ia.emophilus influenzae in chronic bronchitis has 
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been the demonstration by some authors of 
antibodies to this organism in the serum of 
patients suffering from the disease (Murdoch and 
colleagues, 1959; Brown and Wilson, 1959; Glynn, 
1959). In the study of Brown and Wilson (1959) 
no details were given of results obtained or the 
techniques employed. Murdoch and colleagues 
(1959) gave no particulars of the method used 
but stressed the importance of raised titres 
in patients with chronic bronchitis. Much 
higher titres were obtained by Glynn (1959) 
who detected antibodies by titration against 
tanned red cells. He found no relation 
between the antibody titre and the presence of 
infection. It is considered that further 
detailed study is necessary, and a series of 
examinations in both the quiescent and the acute 
infective stage of the disease could yield 
information of the degree of infection and the 
nature of the patient's response to it. 
The question arises of the origin of the 
infecting bacteria and the factors concerned with 
the initiation of the inflammatory process. 
From a consideration of the types of 
pneumococci isolated in chronic bronchitis, it 
would appear that the infection is endogenous. 
The pneumococcal types in chronic bronchitis as in 
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bronchopneumonia, are similar in distribution to 
those isolated from the naso pharynx. This finding 
was observed by Stuart Harris and colleagues 
(1953). Heffron (1939) in a review of the 
pneumococcal types found in carriers, showed the 
distribution to be type 1, 0.4% type 2, 0.8% type 
3, 10.5% and the higher types 34.9%. Types of 
pneumococci commonly found in healthy people are 
6, 19, and 23 (Cruickshank and others 1960). 
Masters and colleagues (1958) found that type 14 
was commonly found in carriers. 
Haemophilus influenzae is also found in the 
naso pharynx of healthy people. A carrier rate 
of from 40 to 80% was found by Rosher (1939). 
In the study by Masters and associates (1958), an 
isolation rate of from 50 to 70% was found in 
the perinasal swabs and throat swabs of the 
families who were investigated. 
It is apparent there is a resevoir of 
potentially pathogenic organisms,but it is less 
clear what actuates and facilitates invasion of 
the respiratory tract. 
The relationship between infection and mucus 
is of importance. Oswald (1958) considered it 
and essential factor in the aetiology of 
bronchitis. Mucus is derived from the goblet 
cells and mucous glands. In bronchitis the 
goblet cells in the smaller bronchi and 
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bronchioles become more numerous and in consequence 
there is a reduction of the ciliated cells. This 
in turn leads to a stagnation of the viscid 
secretion which is not removed by the ciliary 
streams. Suitable cultural conditions are thus 
produced for the organisms inhaled from the 
upper respiratory tract. The secondary nature of 
infection in chronic bronchitis is thus a failure 
of defence of the lower respiratory tract against 
invasion by these organisms. 
Hypersecretion of mucus is stimulated by 
atmospheric irritants and infections. 
Two common irritants of the respiratory 
tract are air pollution and cigarette smoking. 
That air pollution and fog have a deleterious 
effect on the bronchial tree has been appreciated 
for a long time. Mortality in the urban areas 
is greatly in excess of that in the rural district. 
The highest figures are in Yorkshire, Lancashire 
and South Wales followed by Tyneside, the Midlands 
and London. (Oswald 1958). In Scotland where the 
four cities of Glasgow, Edinburgh, Aberdeen and 
ndee account for approximately one third of the 
opulation of the country, the number of deaths in 
X959 from chronic bronchitis in the four cities wa 
49° of the total of 1987 deaths from chronic 
bronchitis in Scotland in that yeas which is an 




surroundings with the disease. 
An additional hazard of industrial areas is 
the presence of fog. During the London fog of 
1952, the number of deaths from bronchitis was 
greatly increased. There was an eight fold rise 
recorded in the two weeks following the clearing 
of the fog, after which time the number of deaths 
fell although the level remained high for several 
weeks (Logan 1953b).Martin and Bradley(1960) 
studied the correlation of mortality, fog and 
atmospheric pollution in the winter of 1958 -59 in 
London. These writers found that the proportion 
of deaths certified as caused by bronchitis was 
small in comparison with the increases in total 
mortality, and considered that in future, 
investigations in this field should take into 
consideration the association between respiratory 
and cardiac diseases. Figures were quoted that 
25% to 41% of cases with congestive cardiac failure 
were suffering from cor pulmonale due to chronic 
pulmonary disease, and that more cases of 
cor pulmonale were associated with an industrial 
'environment than with other surroundings. As 
irritation of the bronchial tree by the inhalation 
of polluted air may be an initiating factor in the 
pathogenesis of chronic bronchitis, studies on the 
nature of the irritant elements may lead to a 
better understanding of the problem. 
Tobacco smoking has been shown to have an 
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association with chronic bronchitis. Doll and Hill 
(1956) found a ten fold increase in mortality in 
patients with chronic bronchitis who were heavy 
smokers. An investigation into the smoking 
habits of clerical Civil Service employees 
showed a higher prevalence of chronic bronchitis 
among smokers, and this was present in both males 
and females to an equal extent (Oswald and 
Medvei 1955).Ogilvie and Newell (1957) compared 
the smoking habits of an approximately equal 
number of bronchitic patients and non bronchitic 
controls and showed that in both sexes the 
bronchitics were the heavier smokers. In a 
study of respiratory symptoms in men in an indust- 
rial town, by Higgins and colleagues (1956), it 
was demonstrated that symptoms of chronic 
bronchitis were more frequent among smokers than 
non smokers. A later study by Higgins (1959) in 
a larger group of men, showed the same correlation 
between chronic bronchitis and smoking. He also 
demonstrated that tobacco smoking interfered with 
pulmonary ventilation. In the assessment of the 
association between tobacco smoking and bronchitis, 
it is necessary to take into account other related 
factors. These include pollution of the 
atmosphere, the age of the patient, the presence 
of infection, and climatic conditions. Certain 
of these were considered by Christensen and Wood 
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(1958) when reviewing the difference in mortality 
¡rates for bronchitis in England and Wales, and 
,Denmark. The excess amount of cigarette smoking 
'in England and Wales was regarded of possible 
significance. 
Bronchitis would appear to be a condition 
affecting the male to a greater extent than the 
female population. In 1959 there were 16,540 
deaths in males and 6,730 deaths in females. It 
is also a disease affecting the older age groups. 
In 1959 89% of deaths occurred in patients over 
the age of 60. Between the age of 50 and 60 one 
man in twelve is certified as having died from 
chronic bronchitis (Oswald 1958). It might 
appear that the smoking habits of the older age 
group would be of importance, and in view of the 
now increased incidence of cigarette smoking in 
females, future morbidity and mortality rates 
may reveal further information of the significance 
of this habit. 
Until recently there was scanty evidence of 
the role played by virus infections in the 
aetiology of chronic bronchitis. Mulder (1952) 
and Hers and Mulder (1953) considered that 
infection with Haemophilus influenzae could be 
primary,or in the nature of a secondary invasion 
following necrosis of the bronchial epithelium by 
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a virus. Murdoch and others (1959) found rises 
in titres to Influenza. A in one third of the 
patients studied. A rise in titre to influenza 
A has also been observed in a study on chronic 
bronchitis at present being conducted at the 
City Hospital, Edinburgh. Of interest has been 
the recent observation (unpublished) by Somerville. 
of Glasgow of diagnostic titres and rises in 
titres to the Respiratory S.yncytial virus in 
adults over the age of 50 years. Further work 
in this field is necessary. The common cold is 
a frequent precursor of an acute exacerbation, and 
it may be that future studies on this subject may 
reveal information of value. 
PNEUMONIA 
In recent years less notice has been paid to 
acute infections of the respiratory tract, which 
may be due in part to the marked change in the 
prognosis of these conditions since the introduct- 
ion of sulphonamide therapy. These conditions 
are responsible for a great deal of sickness 
in this country. In the opinion of the College 
of General Practitioners (1956), one million 
people in Great Britain each year, suffer from an 
acute chest infection. Fry (1960) studied the 
incidence of such infections in general practice 
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over a five year period,,a.nd observed that 462 out 
of 4,673 persons in the survey suffered episodes 
on pneumonia or acute bronchitis during this 
period, and 15% of these illnesses were diagnosed 
as pneumonia. 
Of the acute infections of the respiratory 
tract,pneumonia is the most serious and a study 
of the death rate from this disease shows that 
it is responsible for a large number of deaths. 
This is evident from the figures presented on 
figures 1 and 2 where the number of deaths due to 
pneumonia in England and wales, and Scotland over 
ten years have been recorded. A disturbing 
feature is that the high levels have been 
maintained throughout the years. 
Bronchopneumonia was responsible for the 
highest mortality; of 26,590 deaths certified as 
due to pneumonia in England and Wales in 1959, 
21,842 were cases of bronchopneumonia. A study 
of the age groups showed that this was a disease 
of danger to the very young and the elderly. 
There were 1,279 deaths in children aged from one 
month to one year and 18,219 deaths occurred in 
patients over the age of 6o years. It was 
observed in these older patients that the number 
of deaths increased progressively with age. For 
example there were 3,002 deaths between the ages 
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of 60 and 70 years, 6,965 deaths between the ages 
of 70 and 80 years and 8,252 deaths over the age 
of 80, years. 
Lobar pneumonia caused 3,190 deaths in 
England and Wales in 1959 and again the older age 
groups were affected, 79% of deaths occurring 
over the age of 60. It can be seen from figure 
2 that in Scotland the death rate from lobar 
pneumonia has remained comparatively constant 
over ten years. 
Consideration of the sex distribution in 
mortality indicated that both males and females 
were affected to the same extent. 
The majority of patients recover from an 
acute infection of the respiratory tract and the 
question arises of what happens to these people. 
Do they recover completely or are there residual 
after effects? This problem was studied by Fry 
(1960) who reviewed 424 patients who had suffered 
from pneumonia or acute bronchitis 5 to 10 years 
previously. It was found that during this time 
44% of the patients had had a recurrence of an 
acute chest infection. The group of patients 
most affected were males under 10 years and over 
50 years. The amount of disability was 
estimated by assessment of function and the degree, 
of residual symptoms. It was estimated that 43% 
of patients were disabled,and of these 9% were 
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compete invalids. The greatest amount of 
disability was found in the patients who had 
suffered from acute bronchitis. 
The nature of the infecting agent in these 
cases and the type and amount of treatment given 
would have been of interest as a residual 
infection is a possible reason for a proportion 
of these cases becoming chronic pulmonary 
invalids. 
It is apparent that pneumonia remains a 
problem, and it is therefore pertinant to enquire 
further into the character of the disease now 
present,and if there has been a change in the 
type of infecting agent. 
Pneumonia is an inflammation of the lung 
with the production of an exudate in the alveoli. 
Ìn the past it has been customary to divide 
pneumonias on an anatomical basis into lobar 
¡pneumonia, and lobular or bronchopneumonia. The 
nature of the pneumonic lesion is associated with 
the character of the infecting bacterial agent 
and the inflammatory reaction produced by the 
rganism. In lobar pneumonia there is an 
'nflammatory consolidation in response to an 
cute infection by a specific organism of a 
virulent nature frequently neumococcus. The q Y a p 
lower pneumococcal types are most commonly 
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responsible for infection in lobar pneumonia. 
'Where the consolidation is less extensive and 
part of the lobe is affected, the term segmental 
pneumonia has been apiied. In bronchopneumonia 
also called lobular pneumonia, there are scattered 
areas of inflammation in the lung which may 
become confluent. This condition is generally in, 
the nature of a secondary infection by organisms 
which may be of relatively low pathogenicity, in 
patients where lowered conditions of resistance 
exist. The association of this condition with 
reduced resistance is illustrated by the high 
incidence found in young children and elderly 
people. Pneumococcal types found in this 
disease are commonly those found in the naso 
pharynx,indicating that the infectionis endogenous 
in nature. Although the infecting organism in the 
majority of cases of bronchopneumonia is the 
pneumococcus (Cruickshank 1933), it may be found 
in combination with other bacteria such as 
streptococci, Staphylococci, Klebsiella pneumoniae, 
and Haemophilus influenzae,and difficulty may 
!arise in deciding which organism is primarily 
responsible for the pneumonia. 
It is evident from the present literature 
that the classification of pneumonia has undergone 
change in recent years. Many authors no longer 
adhere to the terms lobar and bronchopneumonia but 
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;prefer to regard the illness along aetiological 
lines. 
PNEUMOCOCCAL PNEUMONIA 
When the bacterial aetiology of pneumonia, 
is considered, it is seen from recent studies 
the pneumococcus was the organism isolated 
most frequently. There was however some 
variation in the results obtained by these 
investigators. 
In 1951 Crofton and co workers isolated 
pneumococci from 29 out of 129 cases and Stuart 
Harris (1953) isolated pneumococci from 68% to 
80% of cases in a series of investigations. 
Grist and others (1952) isolated pneumococci from 
84 of 129 patients, 79% of the patients in the 
investigation by Humphrey and colleagues (1948) 
were considered to have a pneumococcal pneumonia 
but a bacteriological diagnosis was not made on 
29% of these cases. 
Other recorded isolation rates of pneumococci. 
are 60% (Joules and Weller 1947),67% (Eadie and 
colleagues 1951), and 73% (Committee of the 
Antibiotic Clinical Trials of the Medical Research, 
Council 1951). 
In view of the extreme sensitivity of the 
pneumococcu s to a wide ra nge of a nti bi otics , the 
continued mortality from pneumococcal infections 
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have led certain investigators to enquire further 
into possible reasons for such deaths. Israel 
and colleagues (1948) surveyed three series of 
cases from 1936 to 1946. There was an 
.association between increasing age and increased 
:mortality which was made more marked by a rise in 
the age of patients suffering from pneumonia. 
Van Metre (1954) and Dowling and Lepper (1951) 
'also found the death rate rose with the age of 
the patient. This is not a new observation and 
the survey by Heffron (1939) showed that the 
death rate from pneumococcal pneumonia rose 
,progressively with age. It would appear that 
despite the appropriate treatment certain elde4r 
patients are still unable to withstand the effect 
of a pneumococcal infection, which would appear 
to be of significance in view of the increasing 
age of the population in general. 
When pneumococcal infections are considered, 
the type of the infecting pneumococcus is 
important, as the presence of the more virulent 
types is an indication of the serious nature of the 
disease. In a wide review of the literature, 
Heffron (1939) demonstrated that the most frequent 
infecting types in lobar pneumonia were types 1,2 
and 3 in that order, and of these types, 1 and 2 
accounted for 52.2% of infections. home more 
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recent studies have shown that type 1 and 2 
remain the commonest infecting types. A 
predominance of type 1 infections has beeh found 
in some studies (Humphrey and others,1948; Israel 
and associates, 1948; Austrian and Winston, 1956; 
Thomson and colleagues, 1951; Van Metre, 1954). 
In the investigations of Anderson and Ferguson 
(1945), Anderson and Landsman (1947), Eadie and 
associates (1951) and Grist and colleagues (1952) 
the commonest pneumococcal type isolated was 
type 2. It is of note that these investigations 
were undertaken in Glasgow. Earlier studies in 
this city reviewed by Heffron (1939) also showed 
a high isolation rate of this type indicating a 
regional distribution. A predominance of type 
2 pneumococci was found by Hodges and MacLeod 
(1946) who studied epidemic pneumonia in an Army 
Air Force camp. Although this investigation 
illustrates the tendency of this type to infect 
young adults, the frequency of isolation was 
increased by the epidemic nature of the disease. 
The work of Heffron (1939) demonstrated the 
high mortality rate in pneumococcal infections 
caused by type 3 pneumococci and the tendency of 
this type to infect elderly people. On 
consideration of later studies where the infecting 
type has been considered in relation to these 
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factors, it would appear that type 3 infections 
remain the most serious. Thompson and others 
(1951) were of this opinion and observed the 
fatal nature of such infections in elderly people. 
It has been found that the highest mortality in 
pneumococcal pneumonia was in cases infected with 
e 3 pneumococci (Van Metre, 1954; Dowling and 
colleagues, 1947; Humphrey and associates, 1948). 
A slight predominance of. type 3 strains in fatal 
cases was observed by Dowling and colleagues 
(1950). Of interest in this study was the high 
incidence of type 8 infections, as this type is 
closely related immunologically to type 3 and 
like it, possesses a large capsule. 
In the opinion of Thompson and associates 
(1951),the record of virulence enjoyed by the typ 
3 pneumococcus was due to its tendency to infect 
elderly people as it was an infrequent invader 
of the blood. Cruickshank (1933) considered that 
although the type 3 pneumococcus was not invasive 
in character, the toxaemia produced was severe, 
and this was present in both young and old 
patients alike. In this connection he considered 
of importance the inhibiting action of the 
polysaccharide on phagocytosis and possibly 
antibody production. 
The presence of pneumococci in the blood has 
always been considered a bad prognostic sign. 
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Heffron (1939) considered that the presence of 
antibody was of importance in the prevention of 
the appearance of bacteraemia. In a review of 
the mortality in cases of bacteraemia, he found 
this to be 61.8 %, and where the infecting type 
was type 3 the death rate ranged from 86.1% to 
100 %. 
In recent studies although the mortality 
has fallen greatly, the association between 
mortality and bacteraemia particularly if this 
is due to type 3 pneumococci, is still present. 
The low invasive nature of the type 3 
pneumococcus has already been mentioned. Heffron 
demonstrated that the most common types found on 
culture of the blood were types 1 and 2 and of 
these type 2 was most frequently isolated. 
From a consideration of more recent studies 
it would appear that these types are still most 
frequently isolated from the blood. Type 1 
was predominant in some investigations (Dowling 
and others, 1947; Gocke and associates, 1949; 
Dowling and colleagues, 1950). Israel and co 
workers, (1948) surveyed three series of cases 
from 1936 to 1946 and found that while type 1 
was the commonest type in the earlier years, it 
was ieplaced by type 2 in 1946. In the study by 
Anderson and others (1947) in Glasgow the 
predominance of type 2 was marked. A later 
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study in the same city by Eadie and colleagues 
(1951) demonstrated to a lesser extent a higher 
isolation of type 2 pneumococci as compared with 
other types. 
The percentage of cases of lobar pneumonia 
showed by Heffron (1939) to have a positive blood 
culture was 28.8% .on consideration of more recent 
investigations,it is seen that ba.cteraemia is 
still a complication of pneúmococcal pneumonia. 
Some recorded rates of this condition are 24.7% 
(Austrian and Winston 1956), 12.9% (Thomson and 
others 1951), 17% (Ahern and Kirby 1953), and 5% 
(Eadie and colleagues 1951). 
It can be seen there is a variation in the 
percentage of cases with a positive blood culture 
in the different investigations. This could be 
influenced by the type of case selected for study 
but there is insufficient information to decide 
if this is of significance. However, this survey 
does indicate that in the antibiotic era, 
pneumococci may be cultured from the blood not 
infrequently in pneumococcal pneumonia. This is 
of importance as there is an increased mortality 
associated with this condition which is evident 
from consideration of the work of investigators 
in this field. 
In bacteraemic cases a mortality rate of 9% 
was found by Van Metre (1954) The figure given 
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by Dowling and others (1951) was 11% and by 
Dowling and Lepper (1951) 13%. There were seven 
deaths in the study by Anderson and Landsman 
(1947) and in six of these pneumococci were 
cultured from the blood. A positive blood cult 
was obtained from eight of the twenty two fatal 
cases in the investigation by Anderson and 
Ferguson (1945). Austrian (1959) and Israel and 
colleagues (1948) commented on the association 
between bacteraemia and mortality. 
When the transmission of pneumococca.l 
infections i.s considered, it is seen this is a 
complex subject and there are many associated 
factors. The method of infection may be 
endogenous or exogenous, which is associated with 
the carrier rate of different types of pneumococc 
in the population. The carrier rate of the 
first three types is given by Heffron (1939) as 
type 1 0.4io, type 2 0.8% and type 3 10.5 %. In 
a study of the naso pharyngeal flora, Straker and 
colleagues (1939) found a carrier rate of 
pneumococci of 20 -40ÿó in the population and type 
3 was isolated frequently in this study. Types 
6, 19 and 23 are commonly found in the upper 
respiratory tract of carriers (Cruickshank and 
colleagues 1960). Masters and associates (1958) 
found type 14 was also commonly found in the 
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carrier state. The low carrier rate of types 
land 2 incontra.st to the high incidence of 
pneumonia caused by these types, has led to the 
opinion that infection in these cases is exogenous 
Heffron (1939) considered that where pneumococci 
are isolated as frequently from carriers as 
from cases of pneumonia, the infection can be 
considered to be endogenous in nature. This is 
a general ruling and without a study of contacts 
it is not possible to determine the method of 
infection. 
The family contacts of pneumonia patients 
were reviewed by Heffron (1939) where it was seen 
that close family contacts quickly became carriers 
of the infecting type of pneumococcus. In a 
study of tie spread of respiratory disease among 
families, Brimblecombe and colleagues (1958) 
found that the transfer rate of pneumococci 
isolated from the nose and throat rose 
significantly with the degree of overcrowding. 
Where new types of pneumococci were introduced 
into the family, it was found that school children 
and fathers, the members of the group with most 
outside contacts, were the most frequent offenders 
Hodges and l'lacLeod (1946) studied epidemic 
pneumococcal pneumonia in an Air Force camp. A 
study of the carrier rate showed that new 
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arrivals at the camp rapidly acquired the 
infecting types during the first six weeks of 
their stay in camp. There was a good correlation 
between the carrier rate of certain of the infec- 
tive types of pneumococci and the incidence of 
pneumonia caused by these types. 
It is apparent that overcrowding is 
conducive to the spread of pneumococci. The 
presence of the carrier state alone is not 
responsible for the onset of pneumonia. A 
lowering of the resistance of the host is 
required and several factors may influence this. 
It is considered in many cases a preceding upper 
respiratory infection has facilitated invasion of 
the lower respiratory tract by pneumococci. There 
is a seasonal influence which may be due to two 
factors, the higher pneumococcal carrier rate in 
the winter months and the increased incidence of 
upper respiratory infections during this period. 
Other precipitating factors include malnutrition, 
exposure to wet and cold and alcoholism. 
All these conditions have been shown in the 
past to predispose to infection with the 
pneumococcus. There is less information on the 
extent of the influence of such factors on 
infection in the present day. From the 
investigation of Fry (1960), it would appear that 
lobar pneumonia remains more frequent among the 
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lower social groups. 
STAPHYLOCOCCAL PPTE'UMONIA 
Apart from its appearance with influenza, 
Staphylococcus aureus is not a frequent cause of 
pneumonia. ':there the infection is not super- 
imposed on a viral lesion there is often evidence 
of a pre existing pulmonary condition. 
The results of surveys of pneumonia under- 
taken when influenza was not prevalent, 
demonstrate the incidence of staphylococcal 
pneumonia during such periods. The incidence 
found by Crofton and colleagues (1951) was 9.1% 
by Humphrey and associates (1948) and by the 
Committee of the Antibiotic Clinical Trials of the 
Medical Research Council (1951) 3%. Stuart Harris 
(1953) studied four series of cases, two in the 
non influenzal period and two when influenza was 
prevalent. The percentage of staphylococcal 
pneumonias in the first non influenzal period was 
5.3% but in the influenzal period the figure rose 
to 29%. This result compares with the percentage 
of 27% of staphylococcal pneumonias found in the 
investigation of pneumonia during an epidemic of 
influenza by Robertson and others (1958). 
The serious nature of staphylococcal pneumoni 
is reflected in the high mortality associated 
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with it. In the investigation by Crofton and 
colleagues (1951) there was a 40% mortality in 
cases of this disease. Of the seven patients 
with staphylococcal pneumonia in the series by 
Humphrey and others (1948) five died. In these 
cases there was not evidence of a previous virus 
infection although one of the patients studied 
by Crofton and colleagues (1951) died from the 
fulminating type of illness associated with a 
combined infection. 
Hers and associates (1958) studied the 
bacteriology of 158 fatal cases of influenza. It 
was found that Staphylococcus aureus was the most 
frequent secondary invader and was isolated from 
60% of cases. In an investigation of pneumonia 
during an epidemic of influenzae by Robertson and 
others (1958), Staphylococcus aureus was isolated 
most frequently and was responsible for the 
highest mortality, 47% as compared with 16% in 
the remainder of the cases. A higher isolation 
rate of Staphylococcusaureus as compared with 
other organisms was found by Walker and co workers 
(1958) in a similar study. In this study a 
bacteriological diagnosis was made in only 46% of 
cases, which was probably due to 40% of the 
patients having received treatment before 
admission. This could also have resulted in 
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failure to isolate more susceptible organisms 
particularly the pneumococcus. Stuart Harris 
(1953) considered that Staphylococcusaureus was 
less frequently involved than the pneumococcus as 
a secondary invader in influenza. It was 
observed by Walker and co workers (1958) that all 
cases of fulminating pneumonia were infected by 
the Staphylococcus aureus. 
The association of a combined viral and 
staphylococcal infection with a severe type of 
pneumonia might indicate that each organism 
potentiates the action of the other. Stuart 
Harris (1953) postulated the existance of a 
degree of synergism but there is no proof of this. 
characteristic feature of this type of 
pneumonia is the destruction of the columnar 
epithelium of the trachea and bronchioles. In 
the opinion of Mulder (1952),the destruction of 
the epithelium by the virus enables the 
staphylDcocci to gain entry to the mucosa. 
The source of a secondary staphylococcal 
infection may be endogenous or exogenous. It 
is estimated that half the population are nasal 
carriers of staphylococci. Such people run a 
risk, as the possible consequence of lowering of 
the resistance of the lower respiratory tract by 
influenza or other inflammatory conditions is an 
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acute staphylococcal infection. The patient 
in hospital has the additional hazard of 
infection by staphylococci from, the hospital 
environment. This was shown to be the source 
of infection in 46% of cases of staphylococcal 
respiratory infections in one hospital studied 
by Maccabe (1959). Robertson and colleagues 
(1958) considered that one third of cases of 
staphylococcal pneumonia in the investigation 
were infected in hospital. These two studies were 
conducted during a period when influenza was 
prevalent. The marked degree of cross infection 
found in these investigations is in contrast to 
the low rate observed by Shooter and associates 
(1960) who studied cross infection when influenza 
was not prevalent. It was estimated that six 
of 349 patients acquired a. staphylococcal sepsis 
from a hospital source, although many patients 
were regarded as having conditions which might 
have predisposed to a staphylococcal infection. 
Although this would demonstrate the importance of 
influenza as a predisposing factor:, the problem 
of cross infection is a complex one. Not all 
staphylococci possess the same virulence. Of 
danger to the patient are the types possessing 
multiple resistance to antibiotics as these have 
survived from treated patients and have remained 
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in the hospital environment. The danger of 
indiscriminate treatment with a wide range of 
antibiotics was stressed by Walker and colleagues 
(1958) in view of the possible colonisation of a 
sterilised upper respiratory tract with these 
resistant strains. 
HAENIOPHILUS INFLUENZAE 
It is considered that pneumonia due to pure 
infection with Haemophilus influenzae is a rare 
occurrence. Of 3189 cases of lobar pneumonia 
reviewed by Heffron (1939), 0.2% were considered 
caused by infection with Haemophilus influenzae. 
A similar survey was carried out more recently by 
Crowell and Loube (1954) who found Haemophilus 
inflienzae the infecting agent in four out of 
3,600 cases ofibbar pneumonia. Mulder (1952) 
stated that he had never isolated Haemophilus 
influenzae in pure culture from any cases of 
lobar or segmental pneumonia. 
From the presence of Haemophilus influenzae 
in large numbers at post mortem examination of 
the lungs of cases of influenza in the 1889 -92 
epidemic, Pfeiffer considered that this organism 
was the cause of the disease, and so the name 
Haemophilus influenzae was given. Although 
subsequent studies have shown that the primary 
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infection in influenza is viral in nature, the 
appearance of Haemophilus influenzae in the lung 
tissue, would illustrate its secondary infective 
role. 
Haemophilus influenzae may be found together 
other organisms in cases of pneumonia where there 
are scattered areas of consolidation, frequently 
peribronchiola.r in distribution (Scalding 1952; 
Reimann 1938). 
There are several factors which may cause 
uncertainty in making a diagnosis of Haemophilus 
inflienzae pneumonia. 
Bacteriologically the diagnosis may be 
obscured by the presence of other bacteria, 
particularly pneumococci. In such cases the 
problem of assessing the relative pathogenicity 
of these organisms arises, which is of 
importance in view of the differing susceptibility 
of each to penicillin. It would be inadvisable 
to ignore the presence of Haemophilus influenzae 
as treatment with penicillin alone would allow 
the drug resistant Haemophilus infilenzae to 
further colonise the respiratory tract. This 
was demonstrated in the treatment of chronic 
bronchitis with penicillin by Elmes and colleagues 
Rosher (1939) demonstrated that 40 -80% of the 
population carried Haemophilus influenzae in the 
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naso pharynx and it is the presence of these 
organisms in healthy people which has led to 
a certain amount of doubt of the significance of 
strains of Haemophilus influenzae isolated from 
the sputum. 
Associated purulence of the sputum, and the 
degree of growth of the organism on culture may 
bel indications of its significance as an 
infecting agent. The degree of growth can only 
be estimated accurately by the use of a selective 
culture medium. For the supply of necessary 
growth factors, Ha.emophilus influenzae must be 
cultured on a medium containing blood. However 
some strains of Haemo hilus influenzae do not 
grow on ordinary blood agar and better results 
are obtained by the use of heated blood agar. 
In the investigations of Stuart Harris and 
colleagues (1953) and Humphrey and associates 
(1948),the use of ordinary blood agar was 
considered to have contributed to the failure to 
isolate some strains of Haemophilus influenzae. 
KLEBSIELLA PNEUMONIAE 
Pneumonia due to Klebsiella pneumoniae 
is uncommon. In a review of the early literature, 
Heffron (1939) showed the incidence to be 0.5 to 
0.6% of pneumonias although a higher incidence of 
10% had been observed by some authors. Present 
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day studies show that this form of pneumonia is 
still a rare occurrence. Of 351 cases of pneumo- 
nia studied by Humphrey and colleagues (1948), two 
were due to Klebsiella pneumoniae. There were 
no cases of this form of pneumonia in the study 
by Stuart Harris (1953) undertaken in the non 
influenzal period. Three of 166 cases of 
pneumonia investigated by this author during a 
time when influenza was prevalent, were due to 
infection with Kle bsiella pneumoniae. A 1% 
incidence was found in the investigation by the 
Committee of the Antibiotic Clinical Trials of 
the Medical Research Council (1951), and in the 
study by Joules and Weller (1947). No cases 
were reported from the studies by Eadie and 
colleagues (1951) and Crofton and associates 
(1951) 
Although this form of pneumonia is rare it 
is responsible for a high mortality. In the 
pre antibiotic era death occurred in the majority 
of cases. Heffron (1939) reported mortality 
rates of 63.3% to 90 %. Although the death rate 
has fallen since the introduction of antibiotics, 
it still remains at a high level. Jervey and 
Hamburger (1957) in a review of cases during the 
years 1948 - 1956 found the death rate to be 53 %. 
Two of the three cases in the investigation by the 
Committee of the Antibiotic Trials of the Medical 
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Research Council (1951) ended fatally as did one 
of the two cases in the study by Humphrey and 
colleagues (1948). 
The illness produced by Klebsiella pneumoniae, 
is of a. severe nature. There is necrosis and 
destruction of the lung tissue which may result 
in abscess formation. A proportion of the 
patients who recover from the acute form of the 
illness, develope a chronic infection which 
results in a prolonged illness associated with 
fibrosis and abscess formation. 
Pneumonia due to Klebsiella pneumoniae is 
found most frequently in males in the older age 
groups. Such patients are generally debilitated 
and alcoholism is considered the most common 
precipitating factor (Heffron 1939; Reimann 1938) 
The presence of the organism in the nasoa pharynx 
of healthy people may cause difficulty in 
assessing the significance of isolations of 
Klebsiella neumoniae from the sputum of patients 
with an infection of the lower respiratory tract. 
Weiss and associates (1956) studied the carrier 
rate of Klebsiellae in several groups of people. 
It was found that the carrier rate in the naso 
pharynx in patients, particularly inpatients, 
with respiratory disease was higher than in 
healthy people. 
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Pneumonias of a n_m_specificbaaterallettalosz 
The presence of a group of pneumonias where 
no specific bacterial pathogen was recovered has 
been observed in recent years. This is demonstra- 
ted in the results of similes of unselected cases 
of pneumonia. In the series of cases investigated 
by Crofton and others (1951) 47% were not 
diagnosed bacteriologically. 15% of the cases 
studied by Humphrey and associates (1948) could 
not be attributed to a specific bacterial 
infection. In the investigation by the Committee 
of the Antibiotics Clinical Trials of the Medical 
Research Council (1951), 20% of the cases were 
not diagnosed bacteriologically. In the study 
by Batty Shaw and Fry (1955) a bacterial pathogen 
was isolated from nine of forty two cases of 
pneumonia. Grist and others (1952) commented 
on the percentage of cases - 27% from which no 
pathogenic organisms were isolated. 
An obvious reason for failure to isolated 
the infecting agent is masking of the organism by 
previous antibiotic treatment. Crofton and 
colleagues (1951) considered that 15 cases of 
pneumococcal pneumonia were possibly not diagnosed 
bacteriologically for this reason. In the 
investigation by the Committee of the Antibiotics 
Clinical Trials of the Medical Research Council 
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(1951), patients who had received penicillin or 
sulphonamide were not accepted but treatment with 
other drugs is a possibility. 14.5% of the 
patients in the study by Humphrey and colleagues 
(1948) had received sulphonamide drugs before 
admission and of these more than half had received 
less than 10g. By far the largest number of 
specimens examined during the investigation by 
Batty Shaw and Fry (1955) were received before 
any treatment was given. The low isolation rate 
of pathogenic organisms is therefore surprising 
and may be partly explained by the fact that 
sputum specimens were not received from all 
patients. In these cases throat swabs and 
perinasal swabs were substituted. Cases of 
acute bronchitis and influenza with chest 
complications were also studied and it is not 
clear which type of patient failed to produce a 
sputum specimen. A specimen of sputum was 
received from fifty one of the eighty patients 
studied. 
Although previous antibiotic treatment may 
account for a failure of diagnosis in certain 
cases of unknown bacterial origin, it is not the 
complete answer. Stuart Harris (1959) commented 
on the decline of the bacteriologist's ability to 
identify the cause of presumed bacterial pneumonia. 
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This decline might be associated with failure to 
employ all available means of identification of 
possible infecting bacteria. 
As has already been discussed the pneumococcus 
remains the most common cause of bacterial 
pneumonia. This is an organism which by 
ordinary cultural techniques may remain undetected. 
May (1952 1953a) demonstrated that pathogenic 
bacteria may be irregularly distributed in the 
sputum and advised homogenisation of the specimen 
for satisfactory isolation of Haemophilus 
influenzae and pneumococci. Of the above 
investigators only Grist and colleagues (1952) 
appeared to have employed this technique. 
The use of a selective medium may result in 
an increased isolation rate of pathogenic 
organisms. This was demonstrated by Master and 
others (1958) where the use of an enrichment 
medium resulted in a higher yield of pneumococci. 
Haemophilus influenzae may fail to grow on 
ordinary- blood agar. Humphrey and colleagues 
(1948) and Stuart Harris and associates (1953) 
were of the opinion that if a selective medium 
had been employed, a higher isolation rate of 
Haemophilus influenzae would have been obtained. 
It is of note that heated blood agar was 
used in the investigation by Holland and others 
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(1960) where the isolation rate of Haemophilus 
influenzae of 22% was higher than found in 
comparative studies where no selective medium was 
employed. 
The addition of carbon dioxide to the 
atmosphere is beneficial to the growth of 
pneumococci. Humphrey and colleagues (1948) 
demonstrated this in a parallel series of cases. 
In 1941 Fleming described a strain which grew 
only under such cultural conditions. 
Mouse inoculation is a valuable aid in the 
isolation of organisms particularly pneumococci. 
It was considered by Crofton and co workers (1951) 
that certain strains of pneumococci were missed 
as mouse inoculation was not performed throughout 
the investigation. Humphrey and others (1948) 
employed this technique in certain cases and came 
to the opinion that by its use the isolation rate 
of pneumococci could be increased by 35 %. It 
is of interest that in the investigations by 
Grist and colleagues (1952) and the Committee of 
the Antibiotic Clinical Trials of the Medical 
Research Council (1951), where mouse inoculation 
was performed, there were comparatively high 
isolation rates of pneumococci. 
It is apparent that the use of specialised 
techniques may improve the isolation rate of 
pathogenic bacteria. Austrian (1959) commented 
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on the abandonment of such methods by most 
laboratories. 
In the study by Batty Shaw and Fry (1955) 
where the investigation was carried out in 
general practice, comment was made of the poor 
character of the sputum specimens received at 
the laboratory and the delay associated with 
laboratory reports which rendered many of these 
worthless. As the circumstances vary greatly 
from hospital practice, it is difficult to 
comment fully, but it is considered essential 
there is the fullest co- operation between the 
clinician and the laboratory worker in order 
that the most suitable specimen is received for 
examination. An earlier indication of the 
diagnosis could have been obtained from examin- 
ation of a Gram film. Such an investigation 
is _lot time consuming and is in addition a 
useful guide to the bacteriologist in deciding 
which specialised techniques may be advisable. 
Even with the employment of selective 
techniques, there remain pneumonias from which 
no specific bacterial infecting agent can be 
isolated. These cases have led to the 
introduction of the term 'aspiration pneumonia' 
by Scadding (1952). These occur during the 
course of acute and chronic catarrhal infections 
of the upper respiratory tract and are associated 
with debilitating conditions where the resistance 
5o 
is lowered. Where the defence mechanism of the 
lower respiratory tract is impaired, aspiration 
of the secretions of the upper respiratory tract 
results in an inflammatory reaction. This is 
not an infrequent occurrence in elderly 
particularly bedridden patients who are unable to 
expectorate the bronchial secretions. In the 
investigation by Crofton and colleagues (1951) it 
was considered that 'aspiration pneumonia' was a 
probable diagnosis in about half the cases where 
no specific organisms was isolated. A diagnosis 
of 'aspiration pneumonia' was made in twenty nine 
of the forty two cases of pneumonia studied by 
Batty Shaw and Fry (1955). 
In recent years increasing attention has been 
paid to fungal affections of the respiratory 
tract, which appear to have increased in 
incidence. The fungi which may be responsible 
for human infections are many; this review 
however is concerned with the fungal conditions 
most commonly encountered in Edinburgh. 
ASPERGILLOSIS 
In this country the most important 
pulmonary condition due to fungi is aspergillosis 
(Riddell 1956) 
This infection may be primary but is usually 
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of a secondary nature complicating an existing 
lesion of the lung, Riddell (1961) described two 
forms of the disease. The first he termed 
saprophytic, where the fungus grows in damaged 
lung tissue such as unresolved pneumonia, lung 
abscess, healing tuberculous cavities and 
infarcted areas of lung. In this form of 
infection a compact mass of fungous mycelium may 
develop and produce an aspergillus 'mycetoma' 
which is usually spherical in shape. 
The other form of infection is an allergie 
type. The first account of this type of 
infection was by Hinson and colleagues (1952) 
who described three cases. In the opinion of 
these authors sensitisation by the fungus leads 
to the production of an exudate of fibrin, 
mycelium and mucus in the bronchial lumen which 
produces collapse and consolidation. A case of 
allergic aspergillosis was described by Mann and 
;Pasha (1959). The patient was an asthmatic boy 
who during the course of the illness developed 
Schonlein- Henoch purpura. In the allergic form 
of the disease, cytological examination of the 
blood and sputum, shows the presence of 
eosinophilia. 
The tumour like forms of aspergillosis were 
described by Villar and colleagues (1962). . In 
this paper five cases were reported where the 
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'fungus had invaded already diseased lung tissue 
and produced intra cavitary masses of mycelium. 
These authors who are Portuguese, remarked on 
the increasing number of such cases and reviewed 
twenty five other cases from Portuguese literatur 
In all these it was possible to trace a previous 
broncho- pulmonary disease on which the fungal 
infection had developed. In the opinion of 
these authors the fungus in the cavity does not 
behave as a realy pathogenic fungus, but produces 
a reaction similar to the presence of a foreign 
body. A.few cases of this type of disease have 
been described where the infection was considered 
to be primary (Braatelieu and Perlmutter, 1961; 
Bruce, 1957; Hinson and colleagues, 1952; 
Vellios and associates, 1957). The last authors 
considered that the fungus ball developed within 
a previously dilated bronchus or bronchial cyst, 
and it was unli!:ely this would occur where the 
lumen of the bronchus was normal. 
The lesion in pulmonary aspergillosis may 
not be localised to a mycelial mass but be more 
diffuse in distribution. Cases of this nature 
occurring as a complication of pneumonia have 
been reported (Abbott and colleagues, 1952; Darke 
and associates, 1957; Bech, 1961; Braa.telieu and 
Perlmutter, 1961). A case of this type where the 
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infection was primary was described by Stevenson 
and Reid (1957). 
Secondary infection of the pleural space may 
occur and such cases were reported by Hiddlestone 
and colleagues.(1954) and Manning and Robertson 
(1959). 
As it is apparent that pulmonary aspergillo- 
sis is a condition which has become more common 
in recent years, it is relevant to consider the 
nature of the infecting agent and the conditions 
which predispose to invasion bar the fungus. 
Evidence of the ubiquitous nature of this 
fungus is seen in the .ease with which it 
contaminates laboratory cultures. Microscopically 
all aspergilli are characterised by conidospores 
expanding into large vesicles at the end. From 
this vesicle shorter stalks arise into the shape 
of bristles of a brush, each stalk bearing a row 
of spores which by their colour give the tints of 
the culture. These spores are the cause of 
laboratory contamination and infection of the 
lung tissue. There are four species which are 
pathogenic to man - A. fumigatus, A.nidulans, 
A. niger, and A.versicolor. The first is the 
type most frequently isolated. 
The sources of infection are many and varied 
and include birds, grain, flour, and coal. The 
literature on the subject is reviewed by Bruce 
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(1957). Primary infection may occur where there 
is exposure to material heavily contaminated 
with spores. In the cases reported by Hinson 
and colleagues (1952) there was contact with 
grain and flour. There was a history of 
exposure to grain dust in two primary cases 
described by Braatelieu and Perlmutter (1961) 
and cotton dust was considered to be the source 
of infection of the case reported by Stevenson 
and Reid (1957). 
More commonly the infection is of a 
secondary nature and it would appear that this 
form of infection has become more prominant with 
the widespread use of antibiotic chemotherapy in 
the treatment of bacterial infection of the lungs. 
It is considered these drugs suppress the growth 
of bacteria thereby leaving the tissue open to 
infection by fungi. Previous antibiotic 
treatment was considered to be the predisposing 
factor by several workers (Hiddlestone and collea- 
gues, 1954; Abbott and colleagues, 1952; Darke 
and associates, 1ß57; Manning and Robertson, 1959; 
Bech, 1961; Braatelieu and Perlmutter 1961). It 
was considered by Bech (1961) that the antibiotic 
therapy stimulated the growth of the fungus and 
probably its virulence. xiddell (1958) expressed 
the opinion that once infection is established, 
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changes occur in the adjacent tissues which 
promote further invasion by the fungus, and that 
pathogenicity was related to special products 
of fungal metabolism. 
A diagnosis of aspergillosis rests on the 
findings of both the clinician and the 
bacteriologist. As the fungus may vegetate in 
the lung,a single isolation of Aspergillus from 
the sputum does not determine the presence of 
infection. The necessity of numerous examinaticns 
of the sputum was stressed by Riddell (1961). 
Stevenson and Reid (1957) considered a diagnosis 
could only be made by recovery of the fungus 
from a specimen obtained by bronchoscopy. 
Culture of Aspergillus does not present 
difficulties as it grows readily on blood agar 
and Sabouraud's agar. This property of rapid 
growth may obscure the diagnosis as it may hide 
or overgrow slower growing fungi which may be 
the true cause of the infection, (Manual of 
Mycology 1944), Hinson and colleagues (1952) 
found blood agar adequate for culture and 
considered incubation at 45 °C suitable as this 
tended to produce purer cultures. 
Treatment of pulmonary aspergillosis may 
depend on the type of lesion. Where the 
condition is localised as in a mycetoma, surgical 
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'excision may be performed. This was the form of 
treatment recommended by Villar and colleagues 
¡(1962) where the general condition of the patient 
;permitted surgical intervention. In cases 
;where surgical treatment is inadvisable or where 
the lesion is not localised, the local adminis- 
ptration of anti fungal drugs may be effective 
in suppressing the Aspergillus. Riddell (1956) 
considered nystatin, suspensions of brilliant 
green, and hydroxystilbamidine were of value in 
the treatment of aspergillosis. 
MONILIASIS 
The genus Monilia consists of fungi which 
predominate in a unicellular form and which 
elongate to form filaments on submerged growth. 
M. albicans is the species which is important as 
a. potential human pathogen. 
The fungus is a normal inhabitant of the 
upper respiratory tract, the skin and the 
intestinal tract, and infection is of an 
endogenous nature. Because of its saprophytic 
(nature, difficulties may arise in assessing the 
significance of isolation of the fungus from 
the sputum. 
There have been several studies as to the 
incidence of Monilia in the sputum. In a 
review of the literature by Skinner (1947), the 
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percentage rate of isolation of Monilia ranged 
from 8.5% to 75%. Armstrong and Hall (1956) 
found an incidence of Monilia in routine specimens 
of sputum of 63.5%. It was considered by Scott 
Paul (1958) that M. albicans was present in the 
sputum of 30% to 40% of the population. A 
diagnosis of moniliasis of the respiratory tract 
should not be made lightly as the isolation of 
Monilia from the sputum does not in itself 
warrant a diagnosis of fungal infection. Scott 
Paul (1958) considered that this could only be 
made conclusively by lung biopsy and the 
demonstration of Monilia in the lung tissue. 
The doubtful significance of a single culture of 
Monilia was stressed by Conn and associates 
(1959). In the opinion of Skinner (1947) a 
diagnosis of moniliasis of the respiratory tract 
should be made only when all other diseases have 
been excluded. The importance of the exclusion 
of tuberculosis was stressed by Cohen (1953) and 
Drouhet (1957). This last worker considered 
that only histological criteria would definitely 
prove a broncho pulmonary moniliasis. In a 
Manual of Clinical Mycology (1944) it was stated 
that the diagnosis of respiratory monilial 
infection could be made with reasonable certainly 
only when M. albicans was coughed up constantly 
and in large numbers. 
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Several writers have reported cases of 
pulmonary moniliasis (Wiese and Bixby, 1941; 
Bass and Macfarlane, 1954; Wolff, 1952; Browne, 
1954; Falkner and Wising, 1955). 
The reason for the occasional assumption of 
a, pathogenic role by M. albicans remains 
undiscovered. 
It has been postulated that antibiotics 
stimulate the growth of fungi (Zimmerman,1950; 
Huppert and Cazin, 1955). Evidence disproving 
this theory has been produced (Vieu, 1955; 
Marselou and Sergretain, 1954; Robinson, 1954). 
Interference with the synthesis and absorption 
of the vitamin -B complex following antibiotic 
treatment with a resultant lowering of resistance 
to invasion by the fungus was considered a. 
possible explanation by Zimmerman (1950) and 
Harris (1950). Meenan (1957) however considered 
that the administration of vitamin -B did not 
affect the incidence of monilial infections in 
patients receiving antibiotic treatment. 
As all species of Monilia appear similar in 
a wet or stained film, identification of 
M. albicans depends on a study of cultural 
characteristics and biochemical reactions. 
Castellani (1927) was an early investigator 
who used almost exclusively the fermentative 
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properties of sugars for the identification of 
the species of Monilia. In 1931 Benham 
described the growth of chlamdospores in corn 
meal agar and expressed the opinion that the 
;presence of these spores was a characteristic 
feature of M. albicans. Later writers expressed 
agreement with these findings (Martin and 
colleagues, 1937; Martin and Jones, 1940; 
Skinner, 1947). 
Where the possibility of monilial infection 
arises it is desirable to identify the infecting 
species. It would appear advisable to include 
sugar fermentation as this would be a. means of 
identification of the less commonly found species 
of Monilia which occasionally assume a pathogenic 
role. 
FARMER'S LUNG 
This is an occupational disease occurring 
mainly among hay and grain workers. The first 
!description of the disease was by Campbell in 
'1932, who observed its appearance after a wet 
!summer, and it would appear that such climatic 
,conditions may increase the incidence of the 
,illness. When crops which have been gathered in 
damp weather are handled, large quantities of 
dust containing vegetable matter and spores are 
produced. It is the inhalation of this dust 
which leads to the onset of the disease. There 
6o 
is extreme dyspnoea and a dry iritant cough; the 
condition resolves spontaneously but re exposure 
to the dust will lead to a recurrence of the 
symptoms. 
Fawcitt (1936,1933) concluded from the 
culture of similar moulds from the sputum and hay 
dust,that this condition was a fungus infection 
of the bronchi and lungs. The fungi which were 
considered to be of possible significance 
included Aspergillus, Penicillium, and Mucor. 
The view that the condition was the result of 
infection by the spores of ubiquitous fungi was 
held until more recent years. 
Fuller (1953) considered the condition was 
the result of sensitisation to the fungus spores. 
In this study culture of the sputum yielded 
several fungi but the findings were not constant. 
No fungi were isolated from three of four 
speci_uens removed at bronchoscopic examination. 
Studdert (1953) regarded the condition as a 
non specific interstitial lung reaction to some 
material in the fungus rather than a true 
fungus infection of the lungs. Exposure to 
mouldy hay dust produced an excerbation of 
symptoms in one patient studied by Balders and 
Peter (1960). Lung biopsy by these authors 
showed the condition to be a focal non -caseating 
granuloma surrounded by giant cells and 
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accompanied by interstitial lymphocytic and 
histiocytic infiltration. In a study of 
workers exposed to the spores of Aspergillus 
and Penicillium, Horejsi and colleagues (1960) 
observed that directly after exposure, most 
subjects suffered from a condition resembling 
farmer's lung. Skin and serological tests 
showed sensitisation to these fungi. There was 
no evidence of mycetoma in any cases, but it 
was found there was an increased incidence of 
chronic bronchitis among the workers studied. 
SPUTUM 
As a bacteriological investigation of 
respiratory disease must be largely concerned wit 
the examination of sputum, it is relevant to 
consider this secretion with regard to the 
distribution of ''ba.cteria and the cellular 
content. 
Bacterioh gical examination of the sputum is 
a convenient and generally satisfactory method 
of estimating the degree of infection in the 
respiratory tract. It is however of great 
importance that the specimen should be a true 
discharge from the bronchial tree, as saliva, or 
saliva contaminated sputum may give rise to 
misleading results. Mulder (1956) commented on 
the advantage of a preliminary Gram film which 
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will reveal inadequate washing of the specimen. 
One difficulty encountered in the bacteriological 
examination of sputum is contamination by the 
bacterial flora of the mouth and pharynx. 
Straker and colleagues (1939) gave the carrier 
rate for pneumococci in the naso- pharynx as 20% 
to 40% and for Haemophilus influenzae as 40 to 
80%. Brumfitt and colleagues (1957) devised a 
method of swabbing the bronchi, and compared the 
results of culture of these swabs with sputum 
culture. In fb rty two cases where the bronchial 
tree was sterile, pathogenic organisms particulars 
pneumococci were isolated from the sputum and 
throat swabs on twenty four occasions. There 
were also twenty seven cases with various 
bronchial lesions. In these cases it was found 
there was a. higher isolation rate offathogens 
particularly pneumococci from the sputum and 
throat swabs than from the bronchial swab. It 
was considered that where a pathogen was 
isolated from both sputum and throat swab, the 
sputum was not infected but contaminated by flora 
from the naso pharynx. In the opinion of these 
authors, examination of both throat swabs and 
sputum was of value as where the pathogen was 
present in the sputum only, it could then be 
regarded as having originated from the bronchial 
tree. In 1958 Brumfitt and Willoughby examined 
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the sputum and throat swabs of 117 patients with 
chronic respiratory disease. In about half the 
cases the same pathogenic organisms were present 
in both specimens but the incidence of pneumococci 
in the throat was greater than that of 
Ha.emophilus influenzae. Typing of the pneumococci 
was not done in either of these studies. This 
investigation would have provided additional 
information on the possible significance of the 
strains isolated from the various sources. Pecora 
and Yegrain (1958) compared the bacteriology of 
tissues exposed at thoractomy with expectorations 
and bronchial aspirations. It was found that 
the bronchi are sterile not only in healthy 
people but also frequently in patients with 
chronic diseases of the lower respiratory tract. 
Benstead (1950) examined bronchial secretions 
obtained by bronchoscope and so uncontaminated 
by mouth flora. Haemophilus influenzae was 
isolated from twelve and pneumococci from nine 
of the thirty cases of bronchiectasis in this 
study. There was a complete absence of 
pneumococci from cases of delayed pneumonic 
resolution suggesting a possible secondary 
infection by cocci of low grade pathogenicity. 
Anaerobic culture was also undertaken in this 
investigation. It was observed that the 
anaerobic cocci which were isolated, were 
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obtained more frequently from parenchymatous 
infections than from cases where the disease was 
mainly bronchial. 
The bacteriologist studying respiratory 
infections does not, as a rule, have access to 
this type of specimen and has to rely on an 
examination of the secretion which the patient 
expectorates which, as has already been discussed, 
may vary in type. The type of illness suffered 
by the patient may have a bearing on this, for 
example where pain may prevent the patient 
coughing freely. In such circumstances 
examination of a laryngeal swab may be substituted 
It is advisable that there is a dose liason 
between the clinical and the laboratory staff, in 
order that the most suitable specimen is 
produced for examination. 
The large variety of organisms isolated 
from the sputum in chronic bronchitis has been 
mentioned by Marshal (1931) and Southwell (1946). 
Howell (1951) demonstrated that the predominant 
organism may vary considerably over comparatively 
short periods of time. This finding prompted 
May (1952 1953a) to investigate more fully these 
variations. He considered that they might be due 
to irregular distribution of organisms in the 
sputum. He found that this was so and it 
appeared that the organisms most irregularly 
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distributed were those which most often appeared 
to be responsible for the infective element of 
the disease. Originally he cultured 30 parts of 
each specimen but found by using a random 
sampling technique the number could be reduced 
to five. Culturing several samples from one 
specimen of sputum is tedious and time consuming, 
and he advised the development of a technique of 
homogenising the sputum in order that only one 
culture need be made. 
Such a method was developed by Rawlins 
(1953, 1955). To liquefy and homogenise the 
sputum he used 1% pancreatin in sterile 
physiological saline pH 7.6. He found that 
most sputa were liquefied in one hour or less. 
There was no interference with bacterial growth 
and a single culture from the liquefied sputum 
provided as reliable an index of the organisms 
present as five cultures from the unliquefied 
specimen. 
In later studies of the bacteriology of the 
sputum in chronic bronchitis, May (1954 , 1956) 
used this technique of homogerîsing the specimens. 
Digestion of the sputum was first described 
by Spengler (1894, 1895) who advocated its use in 
the isolation of tubercle bacilli. Later 
writers who have studied the digestive action of 
pancreatin on sputum and considered it 
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satisfactory in the treatment of sputum for the 
isolation of tubercle bacilli are Rice and Rowan 
(1953), Saxby (1954),and Sa.xholm (1955). The 
effect of the enzyme papain was investigated 
by Sullivan and Sears (1939) who found it an 
effective means of digesting the sputum for the 
isolation of tubercle bacilli. 
In this study the effect of papain on 
organisms other than the tubercle bacilli was 
investigated. It was found that cultures of 
organisms including Haemolytic streptococci and 
pneumococci were unaffected after incubation in 
the enzyme for three hours. 
Homogenisation of the sputum was produced 
by Elmes and colleagues (1953, 1955) by adding 
5 ml. of physiological saline to 5 ml. of sputum 
and shaking for one hour. This was considered 
an effective method. Buchanan and associates 
(1958) homogenised the sputum by shaking the 
sputum with water and beads. This method was 
considered satisfactory and less time consuming 
than treatment of the specimen with pancreatin. 
There isnot a large number of statements 
on. the chemical composition of sputum. The 
literature on the subject is reviewed by Basch 
and colleagues (1941). 
In 1948 Sherry and co workers demonstrated 
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the presence of deoxyribonucleoprotein in 
purulent pleural exudates. This was the first 
identification of this substance as a significant 
constituent of purulent and inflammatory 
exudates and indicated its importance as a 
cause of thickness, viscosity and stringiness 
in pus. 
Tillet and colleagues (1950) demonstrated 
that deoxyribonucleoprotein could be liquified by 
streptodornase, a deoxyribonuclease present in 
concentrates from cultures, of streptococci 
particularly group A. 
The effect of this enzyme on viscous 
purulent sputum was studied by Armstrong and 
White (1950) , Cytological examination of such 
sputum showed that there was a fibrillary 
structure .sue to deoxyribonucleoprotein. It 
was considered that movement due to respiration, 
coughing and ciliary action could all play a part 
in forming fibrils from leucocytic nuclei. When 
the sputum was treated in vitro with 
deoxyribonuclease, it was found that viscosity 
was reduced. Inhalation of the enzyme produced 
clinical benefit to the patients. Elmes and 
White (1953) also studied the effect of 
deoxyribonuclease in the treatment of purulent 
bronchitis. It was found that the enzyme 
reduced the viscosity of purulent sputum but 
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had no effect on mucoid sputum. In the opinion 
of Grant (1958) the inhalation of proteolytic 
enzymes was not of practical use and not to be 
recommended. 
For the bacteriologist however, such methods 
of liquefaction of the sputum are not of 
practicable application. 
The work of Helm and his colleagues (1954) 
indicated the necessity of cytological 
examination of the sputum in order to distinguish 
between eosinophils and neutrophils. In 
infective asthma, so called because of the 
macroscopic appearance of the sputum it was 
found that pus consisted mainly of eosinophils, 
and no pathogenic organisms could be isolated. 
May (1954) in a discussion of the indiscriminate 
use of antibiotics, stated that a cytological 
examination of the sputum should be undertaken 
before therapy was commenced, as sputum in which 
the 'pus' is composed of eosinophils would not 
respond to treatment with antibiotics. In this 
paper he showed that once eosinophils have been 
excluded as a cause of purulence of the sputum, 
pathogens can be isolated from all purulent 
sputum from cases of chronic bronchitis. 
Rawlins (1955) investigated methods for a 
satisfactory cytological examination of the 
sputum. He considered that examination of a 
69 
single smear was not of value and advised 
homogenisation of the specimen with pancreatin. 
After homogenisation of the sputum, he counted 
the total number of cells per unit volume of 
sputum by means of a Neubauer Leucocytometer, 
but he did not consider such a reading of much 
value. Of greater assistance was a differential 
count. He considered that the staining effect 
of haematoxylin and eosin was superior to that 
of Leishman, one of the principle reasons being 
that it was an aid to the identification of 
degenerate eosinophils in the sputum. 
In a study of the treatment of chronic 
asthma with prednisolone, Brown (1958) developed 
a technique for the identification of eosinophils 
which he considered time saving and effective. 
In this method the sputum was placed on a slide 
when a drop of Leishman stain followed bq a drop 
of distilled water was applied to the specimen 
which was examined from ten minutes to several 
hours later. The advantage of such a method, 
over examination of a fixed smear, particularly in 
regard to speediness, would appear to be uncertain. 
Mulder (1956) also advocated the examination of 
a wet preparation of sputum. In this method the 
sputum was stained with eosin which coloured the 
eosinophilic granules dark red. 
In view of the various reports of methods 
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!identification of eosinophils, and 
of the recognition of this type of 
of the value 
cell in the 
sputum, it would appear that study of staining 
methods would be advantageous. 
SCOPE OF THE PRESENT THESIS 
The original studies embodied in this 
thesis are divisable into two parts. In the 
first part is a description of methods which 
were investigated with the object of finding the 
optimum conditions for the isolation of 
pathogenic organisms from the sputum. In the 
first place the effect of various homogenising 
agents on the sputum was studied, and secondly 
the most suitable culture media and environmental 
conditions for the isolation of pathogenic 
bacteria and fungi were investigated. 
The second part of the thesis is a record of 
the application of the findings of the first part 
to the practical problem of the bacteriological 
examination of (a) 31 cases of chronic bronchitis 




Experiment comparing the homoeni sinA__effect on 
sputum of water, saline, beads, and pancreatin 
Material and methods 
One hundred samples of sputum were examined 
to determine which of the following methods 
described below was the most satisfactory in 
producing liquefaction and homogenisation. 
Each specimen was first classified according 
to viscosity and appearance. Degrees of 
viscosity were designated fluid, semi -fluid, 
viscid or very viscid. This was determined by 
tilting each specimen backwards and forwards in 
its container. The appearance was described as 
mucoid, muco- purulent or purulent. This was 
decided by naked eye inspection. 
The samples of sputum were divided into four 
parts as nearly identical as possible and placed 
in universal containers. To the first were 
added four glass beads; to the second an equal 
quantity of sterile distilled water; to the 
third an equal quantity of normal saline (0.9%); 
to the fourth an equal quantity of pancreatin 
solution. This was prepared by adding one 
tablet of pancreatin (Oxoid) to 50 ml. of sterile 
distilled water. The tablet contains pancreatin 
100 parts, sodium chloride 85 parts and phosphate 
buffer 12.8 parts. The final pH of the 
solution is 7.5. The mixture of pancreatin and 
sputum was shaken for ten minutes on a Kahn 
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shaker and then placed in a water bath for 90 
minutes at 37 °C. During this period at half an 
hour and one hour it was submitted to further 
shakings of ten minutes. All specimens with 
the exception of the one containing pancreatin, 
were placed on the shaker and remained there for 
30 minutes. 
After treatment, the degree of viscosity of 
the specimen was estimated by tilting the 
containers. The specimens were inspected in a 
strong light and the amount of homogenisation whit 
had been produced was noted. A system of 
scoring was devised. No points were given if 
no change was observed in the specimen. One 
point was given where there was a moderate 
decrease in the viscosity and some homogenisation. 
Two points were given where there was a consider- 
able decrease in viscosity and there was to the 




The results are set out in detail in Table I 
in the appendix and summarised in Tables 1, 2 and 
3. 
It can be seen that water, followed by 
pancreatin, were the most effective agents in 
producing homogenisation of the sputum. Table 1 
shows the relationship of the type of sputum to 
the viscosity. The majority of the specimens 
were viscid (74 %) and predominantly muco -purulent 
(47%). Tables 2 and 3 show the effect of the 
different methods of treatment in relation to the 
types of sputum and their degree of viscosity. 
It can be seen that water was most effective in 
liquefying and homogenising the sputum, (76% in 
table 2 and 70% in table 3). 
The conclusion drawn from this study was 
that shaking with water was a satisfactory method 
of producing homogenisation of the sputum. 
Treatment with pancreatin was not so effective 
but it may have been that certain of the specimens 
did not receive adequate shaking. All the 
specimens were treated alike and did not receive 
individual attention. 
In this study only the physical nature of 
homogenisation was considered. It was decided 
to investigate the bacteriology of sputum thus 
75 
treated, and also if the addition of beads to the 




(Summarised from Table I) 
Relationship of appearance of sputum to degree 
of viscosity in 100 specimens 
Muco 
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27 47 26 100 
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TABLE 2 
The effect of the homogenising agents in 
relation to the type of sputum 
(Summarised from Table I) 
The figures in black on the left of each 
column are the total scores obtained by each 
method for the particular type of sputum. The 
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78 
TABLE 3 
The effect of the homo enìsin dents in 
relation to the viscosity of the sputum. 
(Summarised from Table I) 
The figures in black on the left of each 
column are the total scores obtained by each 
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The percentages in red are percentages of the 
total possible scores. 
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An e_xperiment to ascertain if the addition of 
Eads to steri é water was more efficacious in 
causing. the homogenisation of sputum than the T tfon of water a on and if culture of 
sputum homogenised bsT these methods was a more 
effective means of isolai ion of bacteria than 
=burs of ü`ntrea ed sputum 
Materials and methods 
100 sputa sent to the laboratory for routine 
examination were studied. 
They were classified according to appearance 
and viscosity. Appearance was graded as fluid, 
semi -fluid, viscid, and very viscid. The degree 
of viscosity was determined by tilting the 
specimen in the universal container. The 
macroscopic degree of purulence of the sputum was 
recorded as mucoid, muco- purulent, and purulent. 
A blood agar plate was inoculated with the 
untreated specimen, the inoculurn taken from a. 
purulent part of the sputum. Two smears were 
also made at this time, taking as far as 
practicable the same portion of the sputum. The 
sputum was then divided into two equal portions. 
It was endeavoured to make these portions equal 
in appearance, consistency and amount. To the 
first was added an equal quantity of sterile 
distilled water with the addition of about six 
glass beads. The number of beads was not 
constant but varied to a small degree. 
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The specimens were then placed on the shaker 
and shaken until to the naked eye there was 
homogenisation and the specimen was fluid. 
A blood agar plate was inoculated from each 
specimen and two smears made from each specimen. 
The blood agar plates were incubated at 
37°C for 18 hours when they were examined by 
means of a watchmaker's lens. All organisms 
which had grown were noted. There were two 
smears from each sputum. The first was stained 
Gram and the amount of pus and the organisms 
present observed. The second smear was stained 
Leishman and if the number of pus cells present 
was sufficient, a differential count was made. 
Pneumococci were identified on the 
morphology and colonial appearance, solubility 
in 10% sodium desoxycholate, and sensitivity to 
1optochin using a disk impregnated with a 1 :4000 
!solution. Haemophilus influenza.e was identified 
!on the morphology and colonial appearance, and 
the reaction to Gram's stain. Staphylococcus 
au.reus was identified by morphology and colonial 
;appearance, and 1377 coagulase production. 
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RESULTS 
The length of time required for 
homogenisation of each specimen and the pathogenic 
organisms isolated can be seen in detail in 
Table II in the appendix. 
When water alone was added to the sputum the 
period of time required to achieve homogenisation 
and liquefaction varied from 15 to 50 minutes. 
The average time of shaking was 34 minutes. 
With the addition of beads to the water the 
time required ranged from 10 to 45 minutes. In 
this series the average time was 28 minutes. 
Pathogenic organisms were isolated on cultur= 
from 47 specimens of sputum and the results have 
been analysed on Table 4. It can be seen that 
culture of sputum homogenised with water and 
beads, gave the highest isolation rate of 
pathogenic organisms, and was followed by culture 
of sputum homogenised by shaking with water only. 
In this experiment culture of untreated sputum 
was a. much less efficient method of isolation of 
pathogenic organisms. 
On Table 5 are the organisms which were 
present in the Gram films made from untreated 
sputum, sputum homogenised with water and beads, 
and water only. Here it was found that the 
same organisms were present in films made from 
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specimens homogenised by both methods. Fewer 
pathogens were seen in the Gram films made from 
untreated sputum than homogenised sputum, but 
the number of organisms seen in the films was 
greater than that found on culture of untreated 
sputum. This would indicate the advantage of 
a. preliminary Gram film in bacteriological studies 
of the sputum. 
By naked eye inspection of the sputum, 48 
specimens were considered as mucopurulent or 
purulent. 
In these 48 specimens, an examination of a 
Gram stained film of the untreated specimen, it 
was seen that in three specimens there was a very 
large number of pus cells, in eight specimens a 
moderate number of pus cells, in twenty seven a 
few pus cells, and in seven an occasional pus cell 
It was possible in 35 specimens to do a differen- 
tial count of the cells present, these films 
being stained by Leishman. Such counts revealed 
that over 90% of the cells present were polymorphs 
There was no excess of eosinophils in any of the 
films under examination. When similar films 
were made after treatment of the sputum with 
water, and with water and beads, it was noted 
that although there were fewer cells present as 
a result of dilution, those cells which were 
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present were not in any way damaged and their 
identification presented no difficulty. 
The results of this experiment show that 
homogenisation of the sputum with water and beads 
was more effective than with water alone. This 
superiority was evident in two ways. One was 
the shorter length of time required for 
homogenisation to take place, and the second was 
the larger number of pathogenic organisms 
isolated on culture. 
This experiment also demonstrates that 
homogenisation of the sputum by water, and water 
and beads had no adverse effect on the bacterial 
and cellular content of the specimen. A 
higher isolation rate of pathogenic bacteria was 
obtained by culture of homogenised sputum than 
by culture of untreated sputum. 
It was therefore decided to study more fully 
homogenisation of the sputum by this means. 
84 
TABLE 4 
Pathogenic organisms isolated on culture 
from 47 specimens of sputum 
(Summparised from Table II) 
Pathogens isolated from sputum homogenised 
by shaking with water and beads. 
Staphylococcus aureus isolated from 21 specimen 
Staphylococcus aureus and 
Haemophilus influenzae It " 1 specimen 
Staphylococcus aureus and 
Pneumococci It " 1 specimen 
Pneumococci " " 21 specimen 
Haemophilus influenzae It " 3 specimen 
Pathogens isolated from sputum homogenised 
by shaking with water only 
Staphylococcus aureus isolated from 20 specimens 
Staphylococcus aureus and 
Haemophilus influenzae " " 1 specimen 
Pneumococci " " 20 specimens 
Haemophilus influenzae " " l' specimen 
Pathogens isolated from untreated sputum 
Staphylococcus aureus isolated from 
Staphylococcus aureus and 
16 specimens 
Haemophilus influenzae " " 1 specimen 
Pneumococci it " 18 specimens 
Haemophilus influenzae it " 1 specimen 
85 
TABLE 5 
Pathogenic organisms resent in Gram 
film of 47 s ecimens of sup tun 
(Summarised from Table II) 
Pathogens present in sputum homogenised 
by shaking with water and beads 
Staphylococci present in 21 specimens 
Staphylococci and 












Ha emop'hilus influenza e It 3 specimens 
Pathogens present in sputum homogenised 
by shaking with water alone 
Staphylococci present in 21 specimens 
Staphylococci and 
Ha.emophilus influenza e t tt 1 specimen 
Staphylococci and 
Pneumococci te " 1 specimen 
Pneumococci It " 20 specimens 
Haemohilus influenzae " " 1 specimen 
Pathogens present in untreated specimens 
of sputum 
Staphylococci present in 18 specimens 
Staphylococci and 
Ha.emop'hilus influenza e It " 1 specimen 
Staphylococci and 
Pneumococci tt " 1 specimen 
Pneumococci If " 19 specimens 
Haemophilus influenza e tt " 1 specimen 
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A stud of the bacteriolo of the sputum 
comparing untreated sputum, sputum 
homogenised by shaking with water and beads, 
and sputum homogenised with pa cr.éif,n 
Material and methods 
In this experiment a series of 200 sputa 
were examined. These specimens had been sent to 
the laboratory to be examined for the presence of 
pathogenic organisms other than tubercle bacilli. 
As 22 specimens were insufficient in quantity 
homogenisation with pancreatin was omitted. In 
these specimens the examination undertaken was (1) 
examination of the untreated sputum, and (2) 
examination of sputum after homogenisation with 
water and beads. 
178 sputum specimens were examined as 
follows: - 
(1) A blood agar plate was inoculated with a 
purulent part of the sputum and a smear made 
of a similar portion. 
(2) The sputum was then divided into two equal 
portions in universal containers.. Into one 
was poured an equal amount of sterile 
distilled water and some glass beads. The 
number of beads was not constant and varied 
from 6 - 12, a larger number being used for 
a more thick and viscid specimen. This 
specimen was shaken for one hour on a Kahn 
shaker. 
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An equal amount of pant reatin solution 
(oxoid brand) was poured into the second half of 
the sputum. This was shaken for 10 minutes on 
the Kahn shaker, and placed in the water bath at 
37 °C for 50 minutes. 
Blood agar plates were inoculated from each 
homogenised specimen. Smears were made and 
stained by Gram's method. The blood agar plates 
were incubated at 37 °C for 18 hours. 
Pneumococci were identified on the morphology 
and colonial appearance, solubility in 10% sodium 
desoxycholate, and sensitivity to optochin using 
a, disk impregnated with a 1:4000 solution. 
Haemophilus influenzae was identified on the 
morphology and colonial appearance and the 
reaction to Gram's stain. Staphylococcus 
aureus was identified by morphology and colonial 
appearance, and by coagulase production. 
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RESULTS 
Pathogenic organisms were isolated from 91 of 
the 200 specimens of sputum. Details of the 
organisms have been recorded on Table 6. 
Staphylococcus aureus was isolated from 83 
sputa. In 70 specimens it was the only pathogen 
isolated. On 9 occasions it was isolated 
together with Haemophilus influenzae, and with 
pneumococci on 4 occasions. In all, Haemophilus 
influenzae was isolated from 10 specimens and 
pneumococci from 11 specimens. Haemophilus 
influenzae and pneumococci were not present 
together in any of the specimens. 
In Table 7 the organisms isolated from 
untreated sputum and homogenised sputum are 
recorded. 
It can be seen that a higher isolation rate 
of Staphylococcus aureus was obtained on culture 
of the homogenised specimens. There was no 
difference in the isolation rate of pneumococci 
and Haemophilus influenzae from the three types 
of specimens. 
Four degrees of growth were recognised on 
examination of the plates. These were, a. few 
colonies = +, a scanty growth = +, a moderate 
growth = + +, and a profuse growth = + + +. 
It was decided to give these degrees of 
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growth a system of scoring in order that a 
comparison could be made between the three 
examinations of the sputum. 
Thus + = 2 mark + = 1 mark ++ = 2 marks 
and + ++ = 3 marks. 
From the results of this system of scoring 
recorded on Table 8, it can be seen that there 
was a more profuse growth of organisms after 
homogenisation of the specimen. .: 
As there were 22 fewer specimens treated 
with pancreatin, it was not possible to give a 
direct comparison. It did appear however that 
the results obtained by pancreatin homogenisation 
and water homogenisation were very similar. 
The results of this experiment show that 
homogenisation of the sputum improved the 
isolation rate of Staphylococcus aureus. Although 
pneumococci and Haemophilus influenzae were 
isolated from the untreated specimen and the 
homogenised oñe with equal frequerry,the degree of 
growth from the latter type of specimen was 
greater. The isolation rate of Haemophilus 
influenzae and pneumococci in this experiment was 
low. This could be due to omission of the use 
of selective cultural conditions for the 
isolation of these organisms. 
TABLE 6 
Pathogenic orvanisms isolated from 
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Number of pathogens isolated from 
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cocci 16 marks 222 marks 20 marks 
Ha emophilus 
influenzae 14 marks 162 marks 
(5 specimens) 
92 marks 
* mark = a few colonies; 1 mark = a scanty 
growth; 2 marks = a moderate growth; 
3 marks = a. profuse growth. 
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A bacteriological study of random 
samples of untreated and homogenised sputum 
In this experiment specimens of sputum were 
homogenised with pancreatin, and by water and 
beads. By the bacteriological examination of 
five random samples from both types of homogenised 
specimens it was intended to find out if pathogen- 
ic organisms were distributed throughout the 
specimens. 
Five random samples of the sputum before 
treatment were also examined in order to compare 
the isolation rate of pathogenic organisms from 
untreated sputum and homogenised sputum. 
Materials and Methods 
Fifty specimens of sputum were examined. 
These were received at the laboratory for 
examination for pathogenic organisms other than 
tubercle bacilli. 
A loopful of the sputum was inoculated on 
blood agar, and Gram and Leishman films were 
made. 
The sputum was then rinsed in physiological 
saline to remove adherent saliva and placed on a 
sterile Petri dish under which was placed a ruled 
grid of numbered squares. By random selection 
five specimens were takeh from the sputum and 
inoculated on blood agar and Gram and Leishma.n 
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films made. The random numbers were taken from 
Fisher and Yates (1948). 
The remaining sputum was transferred in equal 
parts to two sterile universal containers. To 
the first was added an equal quantity of sterile 
distilled water and glass beads. To the second 
was added an equal quantity of pancreatin 
solution prepared from 'Oxoid' pancreatin tablets. 
The specimen containing the water was placed 
on the shaker and agitated until it appeared 
homogenised. The other specimen containing 
pancreatin was placed on the shaker for five 
minutes after which it was incubated in the water 
bath at 37 °C for thirty minutes when it was again 
shaken for five minutes. If it appeared 
homogenisation had not taken place it was 
replaced in the water bath. 
When homogenisation of the specimens had 
taken place five random samples were taken from 
each. Blood agar plates were inoculated with 
each sample and Gram and Leishman films were 
made. 
The plates were incubated for eighteen hours 
at 37 °C. Pneumococci were identified on the 
morphology and colonial appearance, solubility 
in 10% sodium desoxycholate., and sensitivity to 
optochin using a disk impregnated with a 1:4000 
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solution. Haemophilus influenzae was identified 
on the morphology and colonial appearance, and 
the reaction to Gram's stain. Staphylococcus 
aureus was identified by morphology and colonial 
appearance and by coagulase production. 
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RESULTS 
The results are set out in detail in Table 
III in the appendix. 
Numbers 1 to 2 denote specimens of sputum 
which have not been homogènised. Number 1 was 
taken direct from the universal container in 
which the sputum is sent to the laboratory. 
Number 2a to 2e were five specimens chosen at 
random by means of random numbers. Before 
these specimens were taken the sputum had been 
washed with saline to remove saliva and spread 
on a Petri dish. Numbers 3a, to 3e were five 
specimens taken after homogenisation with water 
and beads had been completed. Numbers 4a. to 
4e were five specimens taken after homogenisation 
with pancreatin. These last ten specimens were 
all chosen by random, using the same technique 
as with the five untreated specimens, numbers 
2a to 2e. There were thus 16 samples from each 
original specimen of sputum. 
Pathogenic organisms isolated on culture 
Pathogenic organisms were isolated from 
thirty five specimens. 
These were : - 
Staphylococcus aureus from 13 specimens 
Pneumococci from 20 specimens 
Haemophilus 
influenzae from 1 specimen 
Pneumococci and Haemophilus 
influenzae from 1 specimen 
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These organisms were isolated on culture 
from all the samples of sputum homogenised with 
pancreatin, and water and beads. 
A total of aix samples were examined .from 
each specimen of untreated sputum. There was a 
failure to isolate paeumococci from one or more 
samples of ten specimens of sputum 
From one sample - nine occasions 
From two samples - one occasion 
There was a failure to isolate Staphylococcus' 
a.ureus from eight specimens of untreated sputum. 
From one sample - four occasions 
From two samples - one occasion 
From four samples - one occasion 
From five samples - two occasions 
Haemophilus influenzae was obtained from all 
samples of untreated sputum. In the specimen of 
sputum which contained pneumococci and Haemophilus 
influenzae,Haemoohilus influenzae was absent from 
two of the random samples. 
Examination of Gram film: 
Pathogenic organisms present in all Gram films 




Haemophilus influenzae 1 
Pneumococci and Haemophilus influenzae 1 
3 5 
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Pneumococci were not present in one or more 
of six samples from ten specimens of untreated 
sputum. 
Absent from one sample in six specimens 
Absent from two samples in two specimens 
Absent from three samples in two specimens 
In five specimens of sputum pa umococci 
were obtained on culture from all the samples of 
untreated sputum but were absent from one or 
more of the Gram films. 
In five specimens of sputum pneumococci were 
present in the Gram film of all samples of 
untreated sputum but were absent from one or 
more cultures of the untreated sputum. 
Staphylococci were not present in one or 
more samples from seven specimens of untreated 
sputum. 
Absent from one sample in three specimens 
Absent from two samples in one specimen 
Absent from three samples in two specimens 
Absent from four samples in one specimen 
In two specimens of sputum Staphylococcus 
aureus was obtained in culture of all the samples 
of untreated sputum but staphylococci were not 
present in one or more of the Gram films. 
In three specimens of sputum staphylococci 
were present in the Gram film of samples of 
untreated sputum but were absent from one or more 
cultures of the untreated sputum. 
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In the specimen of sputum which contained 
pneumococci and Haemophilus influenzae, pneumococc 
were absent from three of the films of untreated 
sputum. 
Examination of Leishman film 
Sixteen films from each specimen were also 
stained with Leishman stain. This was in order 
that a differential count might he made of the 
cells present if there were sufficient. It was 
found that after treatment with water and with 
pancreatin there were not enough cells present for 
this purpose. This was probably caused by 
dilution of the specimen, but the cells which 
were present were not damaged either by the 
pancreatin or by shaking with beads and water. 
Their identification presented no difficulty. 
The majority of cells present were polymorphs, 
over 90% where a count was practicable, and in 
none of the specimens was there an excess of 
eosinophils. 
Rate of homogenisation of sputum 
When the sputum was homogenised and liquefied 
by shaking with water and beads, the time taken to 
chieve this varied from 10 minutes to 6o minutes, 
and the average time by this method was 33 minutes. 
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Using pancreatin as a. homogenising agent, the 
time ranged from 15 minutes to 125 minutes, and 
the specimen which had been treated for 125 
minutes was not adequately homogenised. The 
average time in this series was 60 minutes. 
loo 
DISCUSSION 
In this experiment fifty specimens of sputum 
were studied bacteriologically and pathogenic 
organisms were isolated from thirty five of these. 
The results show that there was a failure to 
isolate pathogenic organisms from one or more of 
the samples of untreated sputum and this confirms 
the finding of May (1952, 1953a) that 
examination of a single part of the sputum may 
fail to reveal pathogenic organisms. To 
overcome this difficulty he recommended 
liquefaction of the sputum and in his later work 
employed pancreatin as the agent using the 
method of Rawlins (1953). 
In the present study when pancreatin was 
used as a homogenising agent, pathogenic 
organisms were obtained on culture and in the 
Gram film from each of the five samples of the 
sputum selected by random. 
Similar results were obtained when the 
sputum was homogenised with water and beads. 
This would indicate that when these methods are 
employed, the sputum is homogenised and the 
organisms distributed throughout the specimen. 
Homogenisation with water and beads was a. 
simpler technique than treatment of the specimen 
with pancreatin and as it appeared to give 
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equally satisfactory results it was decided to 
apply this method in the treatment of sputum. 
As it was hoped in future studies of the 
sputum to include mouse inoculation it was 
considered that a specimen of sputum homogenised 
with water would serve two purposes, namely as an, 
aid to a complete cultural examination and as a. 
suitable specimen for animal inoculation. 
An experiment to study the effect of 
homogenisation of the sputum with water, 
and water and beads on the deoxyribonucleo 
protein fibrils in the sputum 
Materials and Methods 
54 sputum specimens were examined. These 
particular samples were chosen by virtue of their 
purulence and viscosity as the purpose of the 
experiment was to investigate the fate of the 
D.N.P. fibrils present in such a viscous purulent 
sputum after the specimen had been shaken with an 
equal quantity of water and beads. 
A smear was made from the untreated sputum 
which was then divided into two parts which were 
equal in volume, viscosity and purulence. The 
two portions were placed in universal containers 
and to each was added sterile distilled water 
equal in quantity to the sputum in the containers. 
To one of the specimens was also added about 6 
glass beads. The two containers were then placed 
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on the Kahn shaker and shaken for 30 minutes. 
They were then examined in order to see what 
degree of homogenisation and lowering of viscosity 
had taken place. This was done by a naked eye 
inspection in a good light which revealed any 
shall particles. The lowering of viscosity was 
tested by tilting the specimen in the container. 
If it was not considered that the specimen was 
adequately treated, it was replaced on the shaker. 
When it was finally decided that the specimen was 
both homogenised and liquefied, films were made 
from each sample so that in all three films were 
made from the one original specimen of sputum. 
These films were made with the same loop and 
distributed over the same area of slide. 
It was decided to stain these films by the 
Feulgen reaction. This was preferred to the 
methyl green pyronin orange G stain which although 
shorter and simpler in technique does require a 
control slide with ribonuclease. This substance 
is very expensive 100 mg. costing £9. The 
method of using the Feulgen reaction was as 
follows: - 
The three films were fixed with Susa 
solution for one hour and thereafter stained by 
the following method - 
1. Rinsed in cold N/1 Hcl for one minute. 
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2. Hydrolysed in N/l Hcl at 60 °C for 
15 minutes. 
3. Removed and rinsed in N/1 Hcl for one 
minute. 
4. Rinsed in water. 
5. Stained in Feulgen solution (Schiff's 
reagent) for 2 hours. 
6. Excess stain removed and slide placed in 
first of the staining jars containing 
sulphurous acid solution. Allowed to 
stand there for 10 minutes and the 
process repeated in the second and third 
jars. 
7. Washed in water. 
8. Counterstained in orange G for 3 minutes. 
In stage 2 of the experiment, hydrolysis for 
15 minutes gave the clearest differentiation 
between D.M.P. and the other constituents. 
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RESULTS 
The results of the experiment are seen on 
Table IV in the appendix. 
The following system of scoring has been 
adopted: - 
A large number of pus cells "= 3 points 
A moderate number of pus cells = 2 points 
A few pus cells = 1 point 
An occasional pus cell = 0.5 points 
When the D.N.P. fibrils were considered the 
degree of disitegration was estimated and scored 
as follows : - 
Intact fibrils = 3 points 
Moderate degree of disintegration = 2 points 
Almost complete disintegration = 1 point 
Complete disintegration = 0.5 point 
It can be seen that water, and water and 
beads both reduced the number of pus cells. 
This may be due to dilution. The cells were 
intact and easily identifiable. The fibrils of 
D.N.P. were also much reduced in number and were 
always broken up to some degree. As far as the 
disintegration of D.N.P. fibrils was concerned 
there was little to choose between water, and 
water and beads. The scores were, water 32, and 
beads 30.5. However when beads were added to 
the water there was a considerable reduction in 
the time taken for homogenisation of the sputum. 
The average time for water was 41 minutes, while 
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for water and beads it was 33 minutes. 
This experiment would indicate that 
homogenisation with water and beads is superior 
to the effect of water alone. 
An investigation of staining methods for 
the identification of eosinophil polymorphs 
in the sputum 
Materials and Methods 
A short study was made with a view to 
determining how best eosinophils could be 
distinguished from other cells. Rawlins (1955) 
recommended haematoxylin and eosin, particularly 
as this stain was more satisfactory where the 
cells were degenerated. Leishman stain is 
however widely used and is simple in application. 
It was therefore decided to compare the two stain- 
ing methods. 
There are several varieties of haematoxylin 
and eosin and three methods were included in the 
survey. These were (1) Harris' alum haematoxylin 
(2) Ehrlich's alum haematoxylin (3) Mayer's acid 
alum haematoxylin. 
Forty sputa were examined and the relative 
advantages of the three haematoxylin stains and 
and Leishman's stain were compared. Of the three 
haematoxylin stains it was decided that Mayer's 
method was the most satisfactory. 
The final method decided upon was as follows. 
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Fix the film with methyl alcohol for thirty 
seconds. Apply the haematoxylin for ten minutes. 
Wash off stain with water and differentiate with 
l% acid alcohol for fifteen seconds. Rinse and 
blue in tap water or tap water substitute. 
Counter stain with 0.5% eosin for fifteen seconds. 
The method used for staining by Leishman 
method was as follows. 
The undiluted stain was placed on the smear 
and remained for 2 minutes. The diluted stain 
was allowed to act for 5 to 7 minutes. 
The results from this study indicated that 
staining with haematoxylin and eosin, and 
Leishman stain were equally effective methods of 
identification of eosinophils in the sputum. 
Another series of sputa were studied to 
confirm this finding, and also to investigate if 
variations in the method of Leishman staining 
could be of advantage in the identification of 
eosinophils in the sputum. 
In this second experiment 36 sputa. were 
studied. The method of staining with 
haematoxylin and eosin has already been described. 
It was found that the most effective 
demonstration of eosinophils by Leishman staining 
was obtained by applying the undiluted stain for 
two minutes and the stain diluted with distilled 
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water for ten minutes. The more prolonged 
staining rendered the eosinophilic granules more 
easily recognisable, particularly where the cells 
were degenerate. 
This experiment confirmed that staining with 
haematoxylin and eosin and Leishman stain were 
equally effective methods of identification of 
eosinophils. As the technique required for 
Leishman stain was less time consuming than that 
required for haematoxylin and eosin, it was 
decided to employ it for future use. 
An investigation into methods of 
identification of the pneumococcus 
As the pneumococcus is an organism which is 
encountered frequently both in acute and chronic 
infections of the respiratory tract, it was 
decided to investigate fully the tests used in 
the identification of pneumococci. The reagents 
which it was considered of interestto investigate, 
were bile using rabbit bile, 10% sodium 
desoxycholate, 10% sodium taurocholate, 10% 
saponin and optocain. It was decided to study 
the effect of a disk of the substance placed on a 
blood plate inoculated with pneumococci, and also 
the tube solubility of the pneumococcus in bile, 
sodium desoxycholate, optochin, sodium taurocholat, 
and saponin. In addition it was felt that a 
study of the fermentative properties of the 
pneumococcus would be of value. 
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The carbohydrates which it was considered of 
interest to study were inulin, raffinbse and 
mannite. 
Materials and Methods 
Out of a. total of 208 strains obtained 
from cultures of specimens of. sputum, 105 were 
considered to be pneumococci on colonial and 
morphological grounds, and the remaining 103 were 
strains of Streptococcus viridans. 
Colonies for study were.picked off and 
isolated in pure culture on blood plates, and 
used within 24 hours. 
Rabbit bile, 10% sodium taurocholate, 10-; 
sodium desoxycholate, 10% saponin, and 1:4000 
solution of optochin (ethylhydrocuprein hydro- 
chloride) were used in tubes and disks. The 
disks were prepared as for sensitivity tests 
according to the method of Gould and Bowie (1952). 
They were 6.25 mm. in diameter and were punched 
from No. 1 Whatma.n filter paper. Batches of 
100 were placed in screw capped bottles and 
sterilised by dry heat at 150 °C for 1 hour. The 
disks were then .imp egnated with the solution, 
1 ml. of each being added to 100 disks. Each disk 
therefore containing 0.01 ml. of the solution. 
One blood plate was inoculated from the pure 
culture by means of a loop to give an almost 
109 
confluent growth, and 5 ml . of 10% serum broth 
was also inoculated and incubated for 18 to 24 
hours. Three blood plates were inoculated from 
this serum broth culture; the first with the 
undiluted culture, the second with culture 
diluted with an equal quantity of broth ; and 
the third with culture diluted 1 in 10 with 
serum broth. The technique of inoculation used 
was as for ordinary sensitivity tests, the plates 
being flooded with the broth and then allowed to 
drain on to blotting paper. 
Five disks each impregnated with one of the 
above mentioned reagents were placed on each of 
the four inoculated plates which were then 
incubated at 37 °C for 18 to 24 hours. The zone 
on inhibition measured with dividers was taken 
as the distance between the edge of the disk and 
the edge of the growth. 
TUBE TESTS 
For the tube tests, a 10% serum broth 
culture was used. One part of each of the 
four reagents, rabbit bile, 10% sodium taurochol- 
ate, 10% sa.ponin and 1:4000 solution of optochin 
was added to 10 parts of serum broth culture. 
0.1 part of 10% sodium desoxycholate was added 
o 5 ml. of serum broth culture. The tubes were 
incubated at 37 °C observed occasionally for lysi 
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and the final reading was taken at 30 minutes. 
Fermentation Reactions 
Methods 
Hiss's serum water was prepared by mixing 
3 parts of 0.1% peptone water and 1 part of serum 
and to this solution was added Andrade's 
indicator. It was then divided into three 
portions and to each was added l% inulin, l; 
ra.ffinose, and 1% mannite. 
Each sugar medium was inoculated with 208 
strains of organisms, 105 of which were 
pneumococci and 103 a strain of streptococci, 
probably Strept.viridans. After inoculation 




The solubility of the pneumococci and 
Strept. viridans in saponin 10 %, rabbit bile, 
sodium desoxycholate 10%, sodium taurocholate 10 %, 
and optochin 1 :4000 solution can be seeh on 
Table 9. As saponin caused lysis in only one of 
the first 50 strains of pneumococci and Strept. 
viridans it was not tested further. 181 strains 
were tested with rabbit bile and 208 with the 
other reagents. The incomplete study with 
rabbit bile was due to a shortage of this 
substance. Optochin give satisfactory 
results. A few strains of pneùmococci were 
soluble but generally the addition of this 
reagent caused cloudiness. Sodium desoxycholate 
was the most effective method of lysing 
pneumococci. 101 strains out of a total of 105 
were soluble in this reagent. The next most 
effective method was the use of sodium 
taurocholate followed by rabbit bile. Only two 
strains of Strept. viridans were lysed, one in 
sodium desoxycholate, and the other in sodium 
taurocholate. 
Disks 
In Tables V and 10 and 11 are the results 
obtained by using disks impregnated with rabbit 
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bile, sodium desoxycholate, sodium taurocholate 
and optochin, using as inocula (a) a loopful of 
pneumococci from a blood agar plate, (b) broth 
cultures of pneumococci and Strept. viridans 
undiluted (c) broth cultures of pneumococci and 
Strept. viridans diluted 1:2 (d) broth cultures 
of pneumococci and Strept. viridans diluted 1:10. 
In Tables V a,b,c, and d, in the appendix, 
the results are classified according to the 
degree of inhibition and the method of 
inoculating the plate. It can be seen that 
certain strains of pneumococci and Street. 
viridans give equivocal results, i.e. pneumococci 
with no or very small zones of inhibition, and 
Strept. viridans with zones of inhibition of 4 mm. 
and over. 
These results have been su._!marised in 
Tables 10 a,b,c, and d. Under equivocal have 
been grouped (1) pneumococci with no zone of 
inhibition, (2) pneumococci and Strept. viridans 
with zones of inhibition of 1 -3mm (3) Street.. 
viridans with zones of inhibition of 4mm and 
upwards. 
It can be seen that optochin gives the best 
results by all four methods of inoculation. 
That is to say the number of equivocal results is 
lowest and of definitive moults highest with 
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optochin. The results given by sodium 
desoxycholate follow a. close second, while sodium 
taurocholate and bile are about equal. 
When the zone of inhibition produced by all 
four reagents is considered it can be seen from 
Table 10d that a 1 :10 dilution of broth culture 
provides the best inoculum, because the number of 
equivocal results is lowest and of definitive 
results is highest. A broth culture of 1 in 2 
is second but on the whole rather far behind; 
undiluted broth is even less satisfactory while 
inoculum from a culture on blood agar by means of 
a loop is not at all satisfactory and yields a. 
high proportion of equivocal results. 
The average size of zones is greatest with 
optochin (8mni.) while sodium desoxycholate again 
comes second with an average zone measurement of 
5mm., and sodium taurocholate with an average zone 
measurement of 4.7mm., and bile with an average 
zone measurement of 5mm are about equal. These 
results are presented on Table 11. 
Fermentation reactions 
The results of the fermentation tests using 
inulin ra.ffinose and mannite are given on Table 12 
Inulin was fermented by 87 of 105 strains of 
Pneumococci, while 84 of 103 strains of Street. 
viii daps failed to ferment it. Raffinose was 
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fermented by 81% of strains of pneumococci and 
96% of strains of Street. viridans. Mannite 
was fermented by 14 strains of pneumococci and 
by 4 strains of 3treot. viridans. From these 
results it would appear that inulin is the only 
useful differentiating agent. 
Four strains of pneumococci were insoluble 
in sodium desoxycholate. Two of these were 
sensitive to optochin and all fermented inulin. 
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Discussion 
When the various reagents causing lysis of 
the pneumococci are considered, it is apparent 
that sodium desoxycholate was the most effect- 
ive. It was considered of value to test the 
reactions of bile, sodium taurocholate, and 
saponin as these reagents are all regarded as 
possessing the property of dissolving 
pneumococci. 
Neufeld (1900) observed that pneumococci 
were soluble in bile. In 1907 Levy investig- 
ating the active principle of bile which caused 
found sodium taurocholate would 
dissolve pneumococci. Mair (1917,1929) and 
White (1929) recommended the use of sodium 
desoxycholate and considered its action 
superior to that of sodium taurocholate. The 
use of saponin as a lytic agent was recommended 
by Downie and colleagues (1931), and Klein and 
Stone (1931). In the present experiment 
saponin was not found to be an effective agent 
in causing lysis of pneumococci. 
83% of the strains of pneumococci ferment- 
ed inulin. In the opinion of Hiss (1902) and 
Hiss and colleagues (1906), inulin fermentation 
was a definite property of the pneumococcus. 
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From the findings of the present study where 
certain strains of pneumococci failed to ferment 
this sugar and 18% of the strains of StreDt,. 
viridans studied did soy it would be unwise 
to identify pneumococci on the results of this 
test only. It was considered by Topley and 
Wilson (1955) that probably all fresh strains 
of pneumococci ferment inulin but it is not 
advisable to regard fermentation of inulin as 
an infallible test. 
When an inoculum consisting of a broth 
culture of pneumococci diluted 1:10 was used, 
it was found that almost all the strains were 
sensitive to the action of optochin. The 
use of optochin for identifying pneumococci 
was described by Bowers and Jeffries (1955) and 
Bowen and colleagues (1957). Masters and 
colleagues (1958) considered optochin sensitivity 
a satisfactory and simple way of identifying 
pneumococci. 
As the properties of solubility in sodium 
desoxycholate, inulin fermentation, and optochin 
sensitivity were absent in some strains of the 
pneumococci studied in the present investigation,; 
it was considered that for a complete identific- 
ation of the pneumococcus all these properties 




Solubility of pneumococci and Street. 
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Tables 10a, b, c and d. 
The size of zone of inhibition produced 
by disks impregnated with bile, sodium desoxy 
cholate, sodium taúrocholate, and optochin on 
105 strains of pneumococci and 103 strains of 
Strept. viridans using four methods of inocul- 
ation. 
(A summary of tables Va, b, c and d) 
Table loa 
noculum - Loop from blood agar plate 
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Table 10b. 
Inoculum - Broth undi uted 
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Table 10c 
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Table 11. 
Average zone in m.m. obtained in the disk 
method with the four reagents and the four 





















5.3 5.8 5.5 6.5 
Optochin 6.7 5.3 6.2 8.o 
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Results of Fermentation Reactions 
Table 12. 























Additional experiment on the fermentative 
properties of pneumococci. 
It had been observed in previous experi- 
ments that certain strains of pneumococci did 
not possess the property of fermenting inulin. 
These experiments had all been performed under 
aerobic conditions of culture. 
Austrian and Colowick (1953) studied the 
fermentation of inulin by pneumococci and was 
of the opinion that in the appropriate environ- 
mental conditions there were no strains which 
failed to ferment this sugar. They considered 
that the access of oxygen to the cells in the 
fermentative medium, might contribute to the 
formation and accumulation of peroxides which 
could result in a failure to produce acid. 
It was therefore decided to study the 
fermentative action of pneumococci under 
anaerobic conditions. 
The medium employed was a l% solution of 
inulin in Hiss's serum broth with Andrade's 
indicator. To produce anaerobic conditions 
the tube was sealed with sterile vaseline. 
Two tubes of media were inoculated with each 
strain of pneumococcus, one tube being incubated 
under aerobic conditions and the other under 
anaerobic conditions. 
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Twenty strains of Strept. viridans were 
examined under the same conditions. 
Results 
Details of the results of the experiment 
can be seen on Table 13. 
The fermentative reactions of fifty four 
strains of pneumococci were studied. Under 
anaerobic conditions of culture all these 
strains fermented inulin. Nine of these strain: 
of pneumococci failed to ferment inulin when 
incubated under aerobic conditions. It was 
also observed that the length of time required 
for the production of inulin fermentation was 
shorter in eighteen of the strains when incubat- 
ed under anaerobic conditions. In fourteen 
strains, fermentation took place twenty four 
hours earlier, and in four strains fermentation 
took place forty eight hours earlier under 
anaerobic as compared with aerobic conditions. 
Twenty strains of Street. viridans were 
studied under the same conditions. One strain 
fermented inulin both aerobically and anaerobic -', 
ally after eighteen hours incubation. No 





Aerobic culture Period of time for ferment- 
ation 
Inulin fermentation D aY s 
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Results 
Aerobic culture Period of time for ferment - 
ation 











36. positive 2 
37 2 
38 tt 2 
39. 2 
40. " 2 
41. It 2 
42. negative 
43. positive 1 
44 1 
45. " 3 
46. '' 1 
47. negative 
48. positive 1 
49. It 1 
50. " 1 
51. " 1 
52. It 1 
53 it 2 
54 1 
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TABLE 1 cont. 
Results Period of time for fermentation 
Anaerobic culture. 
Inulin fermentation Days 



























From this experiment it would appear that 
anaerobic culture was more effective than 
aerobic culture in demonstrating the ferment- 
ation of inulin by pneumococci. Although all 
the strains of pneumococci in this study fer- 
mented inulin when incubated anaerobically it 
cannot be claimed that all strains of pneumo- 
cocci would do so as the number of organisms 
examined in this experiment 'ßás too small to 
warrant such a conclusion. 
It was also observed that fermentation 
of inulin was produced more rapidly in certain 
strains when in anaerobic conditions than in 
aerobic conditions. Such a faculty is of 
advantage in routine laboratory work. 
The method used in this experiment to 
produce anaerobiosis was simple but appeared 
to be effective. It was considered to be the 
most practicable method for use in this type 
of experiment. 
130 
An i vestigation of me iods of isolation of 
Haemophilus influenzae 
The object of this investigation was to study 
the culture of sputum infected with Haemophilus 
influenzae on selective media. In addition to 
,estimating the cultural advantages of the media, 
'untreated sputum and sputum homogenised by water 
and beads were examined in order to see if a 
superior isolation rate of Haemophilus influenzae 
was obtained from the homogenised specimen. 
Material and methods 
33 specimens of sputum were examined. 
The media investigated were 
Heated blood agar 
Levinthal's medium with and without 
penicillin. 
Fildes medium with and without penicillin. 
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The amount of penicillin incorporated in 
the media was 0.5 units /ml. 
A loopful of the purulent part of the sputum 
was inoculated on all plates and a Gram was made. 
The sputum was then homogenised by adding an 
equal amount of water and glass beads. The 
specimen was shaken for at least thirty minutes 
and for a longer period if this was considered 
necessary. 
When the specimen was homogenised a loopful 
of the specimen was inoculated on all plates. 




A growth of Haemophilus influenzae was 
obtained on culture of the homogenised specimen 
on all culture media employed viz; 
(1) heated blood agar (2) Levinthal's medium 
with and without penicillin (3) Fildes medium 
with and without penicillin. 
A growth of Haemophilus influenzae 
from untreated sputum was obtained on 
24 occasions from heated blood agar, on 25 occas- 
ions from Fildes medium with and without penicil -' 
lin, on 26 occasions from Levinthal's medium 




Haemophilus influenzae present in - 
Homogenised sputum 
Haemophilus influenzae present in - 
Type of sputum examined: 
Purulent - 22 specimens 






The number of iaemophilus influenzae in 
this experiment is not large but it was intended 
it should act as a guide in future work. 
It was found that equally successful results 
I were obtained with all the culture media employed; 
and it was not considered that Levinthal or Fildes 
media were superior to heated blood agar in the 
isolation of Haemophilus influenzae. The 
addition of penicillin to the media did not 
appear to be an advantage. There was no marked 
overgrowth of other organisms in the plates 
without the penicillin. 
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When a comparison was made between the 
isolation rate of Haemophilus influenzae and 
from untreated sputum and homogenised sputum 
it was found that the latter gave better results., 
Examination of a Gram film showed that 
Haemophilus influenzae was present in all the 
homogenised and in twenty five of the untreated 
specimens. 
From the results of this experiment it was 
concluded that the most effective method of 
isolation of Haemophilus influenzae was the 
inoculation of homogenised sputum on a selective 
medium. 
As equally good results were obtained with 
heated blood agar as with Levinthal and Fildes' 
media it was decided to employ this medium in 
future studies of Haemophilus influenzae. It 
was considered that heated blood agar was the 
most simple to produce. 
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An investigation of methods of identification 
of the species of Monilia 
The object of this study was to develop 
a method of identification of Monilia which 
was uncomplicated yet comprehensive, and 
suitable for use in a routine laboratory. 
It is of course recognised that animal inoc- 
ulation will indicate the pathogenicity of 
Monilia, but this examination was not practic- 
able and purely laboratory investigations were 
undertaken. 
Experiment la. 
Material and methods 
213 specimens of sputum were examined for 
the presence of Monilia. These specimens 
had been sent to the laboratory for examination 
for pathogenic organisms other than tubercle 
bacilli. 
Blood agar and Sabouraud's agar were in- 
oculated with the sputum and the cultures were 
incubated at 37 °c. for three days. By this 
method of culture, 102 of the 213 specimens 
of sputum yielded a growth of a fungus morpho- 
logically resembling a Monilia. 
In order to differentiate the species of 
Monilia, the following criteria were employed 
135 
1. Morphological appearance on blood agar and 
S abouraud' s agar. 
2. Culture on corn meal agar. 
3. Biochemical reactions of the following 
sugars (a) glucose; (b) lactose; (c) saccha- 
rose; (d) maltose; (e) raffinose; (f) galactose; 
Culture on corn meal agar 
The corn meal agar was Oxoid brand. The 
fungi were picked from the Sabouraud plate with 
a straight wire and inoculated in the corn meals 
plate by cutting deeply into the medium. The 
corn meal plate was then incubated at 22 °C for 
three days when it was examined and Gram films 
made of the growth. If no chlamydospores 
were seen, the plate was replaced in the in- 
cubator and examined again in another four days, 
after which time if no chlamydospores were seen' 
it was discarded. 
Biochemical reactions 
A 1% solution of the sugar in peptone water, 
was used. An inverted Durham tube was employed 
to detect gas formation. Duplicate sets of 
the sugars were inoculated. In one series the 
tubes were plugged with sterile vaseline to 
obtain anaerobiosis. This was omitted in the 
second set. The sugars were inoculated with a 
loopful of a suspension of the monilia in 
sterile water. They were incubated at 37 oC 
for 5 days. 
136 
Results 
Number of specimens of sputa examined 213. 
Cultures of Monilia isolated 102 
(48 %) 
Chlamvdospore formation 
The number of specimens showing chlamy- 
dospore formation was 23. 
Results of biochemical reactions 
Number of cultures showing the biochemical 
reactions of M. albicans - 83. 
These reactions were glucose, and maltose, acid 
and gas; saccharose and galatose, acid; lactose 
and raffinose no change. 
Exariment 
This experiment was undertaken to improve 
if possible the number of isolations of 
chlamydospores which was low in experiment la. 
Materials and methods. 
The specimens under examination were the 
102 specimens of Monilia studied in experiment 
la. The method employed was that of McKenzie 
(1958) who used the technique of Lodder and Van¡ 
Rij (1952). The yeast culture was subcultured 
and incubated at 220C for 48 hours. It was 
then purified by streaking on a malt agar plate ! 
and incubated for three days at 220C. After 
the colonies had begun to develope, a single 
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isolated colony was removed and transferred to 
a fresh malt agar slant. This was the stock 
culture and the corn meal agar plate was 
inoculated from this plate. As in the previous 
experiment it was inoculated by cutting with 
a straight wire. 
Results 
The number of specimens showing chlamy- 
dospore formation was 13. 
Experiment 2 
This experiment was undertaken to improve 
on the number of isolations of chlamydospores 
as it was considered that the number obtained 
in the previous experiments (la and lb) was 
too low. 
Material and methods. 
214 specimens of sputum were examined 
for the presence of Monilia. The sputum was 
inoculated on blood agar and Sabouraud's agar 
and incubated at 370c for three days. By this 
method of culture 114 specimens of sputum 
yielded a culture of a fungus morphologically 
resembling Monilia. 
In order to differentiate the species of 
Monilia, the following criteria were employed. 
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1. Morphological appearance on blood agar 
and Sabouraud's agar. 
2. Culture on corn meal agar. 
3. Biochemical reactions of glucose, lactose, 
saccharose, maltose, raffinose, and galactose. 
4. Growth on Sabouraud's glucose broth. 
5. Culture on corn meal agar. 
Culture on corn meal agar. 
The medium used was Oxoid brand. A 
colony from the original culture on Sabouraud's 
agar was inoculated on blood agar and incubated 
for three days at 37 °C. The corn meal plate 
was inoculated with this culture by cutting 
the surface with a straight wire and incubated 
at 22 °C for three days when it was examined 
for chlamydospores by study of a Gram film 
of the culture. This was repeated daily for 
the next four days. 
Biochemical reactions 
Two sets of sugars were inoculated, one 
aerobically and one anaerobically, the anaerob- 
iosis being produced by plugging the tubes with: 
sterile vaseline. The sugars were inoculated 
from the second Sabouraud plate, i.e. the 
subculture from the blood agar plate. The 
culture was suspended in sterile water and each 
tube inoculated with a loopful of the culture 
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and incubated for 5 days at 37 °C when a reading 
was made. A 1% solution of sugar in peptone 
water was used with an inverted Durham tube 
'to detect any gas formation. 
Sabouraud's glucose brota was inoculated 
with the Monilia, if the morphological appearance 
or the sugar reactions indicated that the fungus 
under examination might be one which produced 
a surface growth viz. Manilla tropicalis and 
Manilla Krusei. 
Results 
Number of specimens of sputa examined 214. 
Cultures of Monilia isolated 114. 
Chlamvdospore formation 
Number of specimens showing chlamydospore 
formation 97. 
Results of biochemical reactions 
Number of cultures showing the biochemical 
reactions attributed to Manilla albicans 89. 
These reactions were glucose and maltose, acid 
and, gas; saccharose and galactose, acid; lactose 
and raffinose no change. 
Of the 97 cultures where chlamydospore 
formation was present there were strains, 14, 
where the sugar reactions were not those of 
a_albicans. 
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Six cultures which resembled Monilla 
_albicans morphologically and produced the bio- 
chemical reactions of that species, did not 
produce chlamydospores. 
There were 11 monilias which were not 
Morilla albicans. The differential diagnosis 
was made by using the criteria recommended by 
Martin (1937) which are:- 1. growth on corn meal 
agar 2. sugar reactions 3. morphological apperr- 
ance 4. growth in Sabouraud's broth. 
They were identified as - 5 specimens of Mon'1 a 
krusel, 1 of Monilia Stellatoidea, 2 of Monilia 




In the preliminary stage of the experiments, 
the incidence of Monilia in the sputum was 
determined. Two separate sets of sputum 
specimens approximately equal in number were 
examined, and it was found that the isolation rate 
rof Monilia from each group was very similar. 
Monilia was cultured from 48% of the first group 
and from 49% of the second group. It is not 
known how many of these specimens were received 
from patients who had received antibiotic 
treatment. None of the patients were investigated 
for a possible monilial infection and the presence 
of the fungus was not of importance in the 
patient's illness. 
Moniliasis is generally caused by infection 
with M. albicans. The most typical characteristi 
of M. albicans is the production of chlamydospores 
when cultivated under suitable conditions. 
(Benham,1931; Martin,1937, 1940; Skinner,l947)a 
In the first group of experiments (la and lb) 
the rate of chlamydospore formation was very low. 
It was considered that 23 out of 102 was not an 
accurate estimation of the incidence of M. albicans, 
In this investigation, 83 of the Monilia gave the 
sugar fermentative reactions considered typical of 
M. albicans. and of these only 20 showed the 
presence of chlamydospores. When the same 
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cultures were investigated by the method of Lodder 
and Van Rij as used by McKenzie (1958), the 
results were even poorer than before. Perhaps the 
age of the cultures had a detrimental effect, but 
it was considered that further investigation was 
required. 
It was decided to subculture on blood agar in 
order to obtain a pure culture of M. albicans. 
It was possible that there was more than one type 
of Monilia on the Sabouraud plate and this would 
be undetected without subculture. By the use of 
blood agar certain species were identified e.g. 
M. stellatoidea, by its typical star like 
appearance on this medium. From the results 
obtained in experiment 2 it appeared that the 
introduction of subcultivation on blood agar 
after initial isolation, improved the isolation 
rate of chlamydospores. It may be that by 
this method a more pure culture is obtained, and 
in addition the poorer conditions of growth may 
play a part for although Monilia can be cultured 
on blood agar, the growth is not so luxuriant as 
that obtained on Sabouraud's medium. 
Chlamydospores are more likely to grow where there 
is a poor condition of growth. (Benham 1931). 
Castellani (1927) who was the pioneer in this 
century in the investigation of fungal infections, 
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placed great reliance on the fermentative 
properties of monilias as an aid to their 
identification. Later writers did not agree 
wholly with his views and considered that the 
other properties of the Monilia should be 
considered in the identification of the species. 
(Benham 1931). 
However sugar fermentative tests are 
relatively simple to perform and in this series of 
experiments the results obtained were satisfactory. 
By the use of both corn meal agar and sugar 
fermentation tests, it was possible to increase 
the total number of strains of Monilia identified 
as M. albicans, as certain strains which did not 
produce chlamydospores were recognised from the 
sugar reactions. 
In addition to the identification of M. 
albicans, a study of the biochemical reactions is 
of value in the identification of the less common 
types of Monilia which may be the occasional 
causes of infection. A further aid to the 
recognition of these rarer types, is culture on 





The homogenising effect of beads, water, 









1 mp v : 1 1 0 1 
2 m f ' 1 2 1 1 
3 mp vv 0 1 1 1 
4 mp v 0 1 0 0 
5 mp v 0 1 1 1 
6 mp vv 0 2 0 1 
7 m f 1 2 2 2 
8 m f 2 2 1 2 
9 m sf 0 2 1 1 
10 m f 1 2 1 2 
11 m v 0 1 0 0 
12 mp v 0 2 0 2 
13 mp v 0 2 1 2 
14 mp v 0 1 1 1 
15 mp v 0 2 2 2 
16 p V 1 2 1 1 
17 m f 1 2 2 2 
18 p y 1 2 1 1 
19 mp v 0 2 1 1 
20 m f 1 2 1 1 
21 p v 0 2 2 2 
22 p v 0 1 0 1 
23 p y 1 2 1 2 
24 m f 1 2 1 ; 2 
25 mp v 0 2 1 2 
26 p vv 0 2 1 1 
27 p vv 0 1 0 0 
28 m sf 0 1 0 1 
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osity Beads Water Saline 
Pan 
creatin 
6o p y 0 2 1 2 
61 p y 0 2 1 2 
62 mp y 0 1 1 1 
63 mp V 0 1 1 1 
64 mp y 0 1 1 1 
65 mp y 0 1 1 0 
66 mp y 0 1 1 2 
67 mp y 0 2 1 1 
68 mp sf 1 2 2 2 
69 mp y 0 2 1 1 
70 mp y 0 2 1 1 
71 m y 0 1 1 1 















75 m y 0 2 2 1 
76 mp y 0 1 1 1 
77 m y 0 1 1 1 
78 mp V 0 1 1 2 
79 mn V 0 2 1 1 
80 m y 0 2 1 1 
81 p V 0 1 1 1 
82 mp V 0 1 1 1 
83 mp V 0 1 1 1 
84 p V 0 1 0 1 
85 mp V 0 1 2 2 
86 m V 0 1 2 1 
87 mp V 0 2 1 1 
88 m f 1 2 2 2 












90 mp v 0 1 1 1 
91 mp v 0 1 1 1 
92 m v 0 1 1 1 
93 m v 1 2 1 1 
94 mp v 1 1 1 1 
95 m v 0 1 1 1 
96 p v 0 2 1 1 
97 m y 0. 1 1 1 
98 mp v 0 1 1 1 
99 m y o 1 1 1 
100 mp v 0 1 1 1 
1 i . 
29 151 10 
mp - muoopurulent 0 - No change observed 
p - purulent in specimen. 
m - mucoid 1 - A moderate decrease ix 
v - viscid viscosity and some 
vv - very viscid homogenisation 
f - fluid 2 - A considerable 
sf - semifluid decrease in viscosity 
and to the naked eye 
complete homogenisatio 
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In this table is a record of the pathogenic 
organisms isolated on culture and present in the 
Gram film of random samples of untreated sputum, 
sputum homogenised by water and beads, and 
sputum homogenised by pancreatin, also the 
length of time taken by these reagents to 
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In this table is a record of the rate and 
degree of disintegration of deoxyribonucleopro- 
tein fibrils in sputum homogenised by water, 
and water and beads. The degree of purulence 
of the sputum is also recorded. 
A large number of pus cells = 3 points 
A moderate number of pus cells = 2 points 
A few pus cells = 1 point 
An occasional pus cell = 0.5 point 
Intact fibrils = 3 points 
Moderate degree of disintegration = 2 points 
Almost complete disintegration = 1 point 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table Va, b. c and d. 
The size of zone of inhibition produced by 
disks impregnated with bile, sodium desoxycholate, 
sodium taurocholate, and optochin on 105 strains 
of pneumococci and 103 strains of Str. viridans 
using four methods of inoculation. 
Table Va. 















64 34 5 viridan s 
Sodium 
Pneumo 






72 28 3 viridans 
Sodium Pneumo 




65 29 9 viridans 
Optochin 
Pneumo 
cocci 7 7 91 
Str. 
78 21 4 viridans 
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Table Vb. 
Inoculum Broth undiluted 


















cocci 16 44 45 
Str. 





cocci 10 29 66 
Str. 
100 3 0 viridans 
ptochin 
Pneumo 
cocci 9 19 77 
Str. 
103 0 0 viridans 
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Table Vc. 
Inoculum Broth diluted 1:2 










cocci 2 1 
Str. 
102 1 0 viridan 
Sodium Pneumo 
cocci 




av ridan 103 0 0 
Sodium Pneumo 




102 1 0 viridans 
Optochin 
Pneumo 
cocci 3 8 9+ 
Str. 
103 0 0 VIridans 
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Table Vd. 
Inoculum Broth diluted 1:10 









cocci 1 13 91 
Str. 
101 2 0 viridans 
Sodium 
Pneumo 












101 2 0 viridans 
Optochin 
Pneumo 
cocci 2 5 98 
Str. 




CHRONIC BRONCHITIS TRIAL 
OF THE 
MEDICAL RESEARCH COUNCIL 
This is a trial of the effect of antibiotic 
treatment on specially selected patients suffer- 
ing from chronic bronchitis. 
The objects of the trial. 
t i ) To see whether a continuous antibacterial 
regime is effective in preventing exacerbations of 
bronchial infection in chronic bronchitis. 
(ii) If it is effective to see whether such 
prevention of exacerbations delays or prevents the 
development of respiratory disability. 
(iii) To see whether the frequency and severity 
of exacerbations affects the rate of development 
of respiratory disability. 
(iv) To compare the effects on these factors of 
two therapeutic regimes during exacerbations. 
For acceptance in the trial the following 
criteria are required: - 
1. The patient must be male between the age of 
40 and 59, in regular employment. This group is 
chosen as it is possible for the Ministry of 
Pensions and National Insurance certificates to 
be studied if necessary. 
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The patient's permission is asked for this 
to be done. 
2. He must be intelligent, willing to co- operat 
and likely to live in the area for three years. 
3. He must have a history of bringing up phlegm 
first thing in the morning and during the day or 
night for at least three months in each of the 
past two years. 
4. He should have had at least two illnesses 
characterised by the production of increased 
sputum in the three years before the date of 
admission, causing him to be off work for a total 
of at least three weeks. 
5. The indirect maximum breathing capacity must 
be above 50 1/min. 
6. He must not, have (a) Cardiac disability 
(b) Diastolic blood pressure of 110mm. Hg. or 
over (c) A history of previous treatment for 
tuberculosis (d) Overt bronchiectasis (e) 
Progressive massive fibrosis (but simple 
pneumoconiosis is acceptable) (f) Pure asthma 
(g) Other diseases likely to cause progressive 
or recurrent disablement (h) A condition whose 
present management includes longterm chemotherap 
(i) A history of sensitivity to chloramphenicol, 
sulphonamides, or tetracyclines. 
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The prophylactic antibiotic given in this 
trial is oxytetracycline, and the period of 
treatment is from mid- September to the end of 
April. Exacerbations are treated with either 
chloramphenicol or sulphonamide. This is also 
decided by random selection so there are four 
groups of patients as the table below shows:- 
Oxytetracycline 
Prophylaxis Dummy 




The trial commenced in April, 1959, and is 
still in progress. At regular intervals of 
from eight to twelve weeks, the patients are 
examined and their clinical condition assessed 
by the physician, and a specimen of sputum is 
investigated bacteriologically. The physician 
and the bacteriologist work independently of each 
other in that neither is cognisant of, or influen- 
ced by the findings of the other. Half the 
patients, chosen by random selection, are receiv- 
ing an antibiotic. This is another factor which 
is unknown by the physician and the bacteriologis 
The present study covers the period from 
April 1959 to February, 1962. 
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MATERIALS AND METHODS 
OF 
BACTERIOLOGICAL INVESTIGATION 
The protocol of the Medical Research Counci 
investigation requires that the patients be seen 
at quarterly intervals. In addition to this 
three monthly examination, the patients in 
Edinburgh are also seen at eight weekly interval . 
the two visits sometimes coinciding. 
Clinical examination is undertaken on 
Friday evening. The specimen which is examin- 
ed bacteriologically is the sputum expectorated 
during the first hour after rising on Monday 
morning. The patient is instructed to expect- 
orate into a universal container. There is a 
variation between the method of despatcr of the 
quarterly specimen and the eight weekly specimen. 
By close co- operation between the health visitor 
and the medical staff the quarterly specimens 
are received at the laboratory by mid =day of the 
Monday. In the case of the eight weekly spec- 
imens the patients send these by post, and thus 
arrival is delayed for twenty four hours. What- 
ever the method of delivery the specimens are 
treated immediately on arrival at the laboratory. 
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The first examination is a measurement of 
the amount and an assessment of the type of 
sputum. 
The volume is measured as the height of 
the sputum in the universal container to the 
lower margin of the supernatant froth, the result 
being given in centimetres and millimetres. Thre 
types of sputum are recognised - mucoid, muco- 
purulent and purulent. 
A loopful of the sputum from the most 
purúlent part of the specimen is inoculated on 
blood agar and heated blood agar, and Gram and 
Leishma.n films are made. The sputum is then 
rinsed in saline and an equal amount of sterile 
distilled water and about six glass beads are 
added. If the sputum more than half fills the 
bottle some of it is discarded. The specimen 
is then placed on the shaker and agitated for a 
minimum of thirty minutes. After homogenisatio' 
blood agar and heated blood plates are inoculated 
and Gram and 3keishman films made. 
At the start of the trial the blood plates 
which had been inoculated with the homogenised 
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specimen of sputum were incubated under the 
influence of 10% carbon dioxide. This arrange- 
ment was amended when it was realised that it 
was not possible to assess whether a superior 
isolation rate of pneumococci was due to 
homogenisation, or the influence of carbon 
dioxide. 
Two blood agar dates inoculated with the 
homogenised specimen are thus examined, one aft 
incubation in the normal atmosphere and the othe 
after incubation in an atmosphere containing 10% 
carbon dioxide. 
The carbon dioxide is produced by the actio 
of hydrochloric acid on chalk and the atmosphere 
in the container is humidified by placing a jar 
of water beside the plates. 
The tests performed to identify pneumococci 
are bile solubility, using 10% sodium desoxychol- 
ate, optochin sensitivity using a disk impreg- 
nated with a 1:4000 solution,and inulin ferment- 
ation using a 1% solution of the sugar in Hiss's 
serum water with Andrade's indicator. 
Mouse inoculrtion is not practised routinelÿ 
but only in selected cases. In the later stages 
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of the trial typing sera from the State Serum 
Institute, Copenhagen, became available. 
Haemophilus influenzae is identified on 
the morphology and colonial appearance, and the 
reaction to Gram's stain. Typing sera are 
available for the identifidation of capsulated 
organisms. 
Staphylococcus aureus is identified by the 
colonial and morphological appearance and by 
coagulase production. 
The following additional examinations were 
carried outs 
At four of the quarterly examinations all 
the sputum specimens, a total of 10h., were 
cultured for a second time twenty four hours 
after arrival at the laboratory to see if there 
was any alteration in the findings. 
On two occasions, June 1960 and December, 
1960, the 52 specimens received were cultured 
on Sabouraud agar to f avoür the growth of fungi. 
Sensitivity Testing 
The sensitivities of the pathogenic organ- 
isms are tested to chloramphenicol and tetra- 
cycline. It was decided to use the disk 
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diffusion method with the provision that if 
results are obtained by this method which give 
rise to doubt, the sensitivity tests will be 
repeated by the plate dilution method in which 
doubling concentrations of the a.tibiotic are 
incorporated in the medium. 
All organisms isolated from the sputum are 
recorded whether considered to be pathogenic 
or not. The amount of growth on culture is 
given as ± a few colonies, + a scanty growth, 
++ a moderate growth, + ++ a profuse growth. 
The number of organisms in the Gram film is 
recorded in a similar manner and the number of 
pus cells noted. The type of cell is identified 
from the Leishman film. 
Nasal and axillary swabs are taken from 
each patient at his visit to the clinic. These 
are cultured on blood agar for the isolation of 
Staphylococcus aureus. 
The strains of Staphylococcus aureus isolat- 
ed are not phage typed as facilities for this 
examination are not available. 
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Estimation of Haemophilus j,nfluenzae 
antibodies in patients' serum. 
Two rough strains of Haemophilus influenzae 
isolated in the laboratory were used. The 
organism was suspended in 0.1% formol saline 
and standardised to No.1 Brown's opacity tube. 
The serum was diluted in doubling dilutions 
from 1:16 to 1:512. The tubes were placed in 
a water bath at 37 °c. and readings were made 
after eighteen hours. 
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RESULTS 
A total of thirty one patients were accept- 
ed for investigation in the trial. For reas'ns 
which are unknown,four of these were studied for 
a short period only at the start, leaving twenty 
seven patients who up to the present time are 
being investigated. 
Bacteriological examination of the sputum 
of these twenty seven patients show that they 
fall into two main groups. Pathogenic organism . 
have been isolated from the sputum of seventeen 
from the start of the trial (April 1959) up to 
the present time (February 1962). In the 
remaining ten patients pathogenic organisms were 
isolated at the start of the trial but have sinc 
disappeared. 
The following tables show an analysis of the 
organisms isolated from the twenty seven patients:- 
Details of organisms isolated from the twenty 
seven patients. 
Pneumococci isolated from 8 patients 
Pneumococci and Haemophilus 
influenzae from 9 
177 
Haemophilus influenzae from 2 patients 
Pneumococci and aáphvlococcus 
aureus, from 2 
Pneumococci and Staphylococcus 
aureus and Haemophilus influenzae 
from 3 
Proteus from 3 
27 
It 
Qrganisms isolated from the seventeen patients 
from whom pathogens have been obtained since 
the start of the trial. 
Pneumococci isolated from 4 patients 
+ Pneumococci and Haemophilus 
influenzae isolated from 6 
Pneumococci and Haemophilus 
influenzae and Staphylococcus 
aureus from 3 
Pneumococci and Staphylococcus 
aureus from 1 
Proteus from 3 
17 
u 
Or anisms isolated from the ten patients from 
whom ät present no pathogens are being isolated 
Pneumococci isolated from 4 patients 
Pneumococci and Staphylococcus 
aureus from 1 
Pneumococci and Haemophilus 
influenzae from 3 
Haemophilus influenzae from 2 
10 
(+ In three of these pneumococci were isolated initially but have since disappeared) 
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Details of organisms isolated from four patients 
who did not complete the trial. 
Pneumococci 1 patient 
Pneumococci and Haemophilus 
influenzáe 1 
Haemophilus influenzae 1 
Klebsiella pneumoniae 1 
4 

















































Not all the pneumococci which were isolated 
have been typed as typing sera were not avail- 
able at the start of the investigation. The 
type of pneumococcus remained the same in all 
patients with the exception of one where there 
was a change from type 6 to type 32. Only one 
type was isolated from each patient in a single 
examination. 
The strains of Haemophilus influenzae 
isolated from all patients were without capsules 
and so could not be typed. 
Varj ations in isolation rate during the year. 
It was noticed that pathogenic organisms 
were not isolated at a constant rate throughout 
the year. In the 17 patients from whom patho- 
gens are still isolated, the winter isolation 
rate for pneumococci and Haemophilus influenzae 
is 7.5 times greater than the summer rate. In 
the 10 patients from whom at present (February 
1962) po pathogens are isolated the winter 
isolation rate was 4 times that of the summer 
isolation rate. There is no apparent variation 
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in the incidence of Staphylococcus aureus during 
the summer or winter. 
The division between winter and summer has 
been taken as the periods with and without 
antibiotic therapy. That is, winter is from 
mid - September to the end of April and summer is 
the remainder of the year. 
The volume and type of sputum jn relation to the 
Pathogenic organisms 
isolated 
It should be remembered in this connection 
that the volume of sputum recorded is that 
expectorated for the first hour after rising 
and no information is available as to the amount 
produced during the rest of the day and night. 
In 25 of the 27 patients the volume of 
sputum has remained very constant throughout the 
trial and the variationsin quantity are slight. 
In these patients there was no apparent relation- 
ship between the isolation of pathogens and the 
amount of sputum produced. 
Two of the patients produced varying amount 
of sputum and here an increased volume was 
associated with the isolation of pneumococci. 
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Relationship of purulence of the sputum to 
the isolation of pathogens. 
In assessing the degree of purulence of 
the sputum both the macroscopic and microscopic 
appearance of the sputum was studied. It was 
considered that the microscopic appearance gave 
a more detailed picture of the amount of pus 
cells present. Smears of the sputum were 
stained with Leishman in order to identify the 
type of pus cell present. In only three patients 
were there three single instances of unusually 
large numbers of eosinophil polymorphs. Other- 
wise the predominant cells present in the films 
were neutrophil polymorphs. 
The presence of pathogenic organisms was 
associated with the production of mucopurulent 
or purulent sputum. 
The following table indicates the relation 
of purulence in the sputum to the isolation of 
pneumococci and Haemophilus influenzae. 
Mucopurulent Purulent 
Pneumococci 78% 22% 
Haemoph¡lus influenzae 40% 60% 
Pneumococci and 
Haemophilus influenzae 33% 66% 
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Staphylococcus aureus, appeared to be 
evenly distributed between mucopurulent and 
purulent sputum. There were no isolations of 
pneumococci, Haemophilus inf luenz ae or 
Staphylococcus aureu from mucoid sputum. 
There are three patients in the trial from 
whom Proteus has been isolated from each 
specimen examined in the trial. The character 
of the sputum in all'cases is very similar. 
It is fluid in consistency, greyish yellow in 
colour, giving the impression of macroscopic 
pus. Microscopic examination however reveals 
that there are very few pus cells present. 
Two of the patients have produced large volumes 
of sputum throughout. The volume of sputum in 
the third is smaller in amount but like the 
others has remained very constant. 
Study of the isolation rate of pathogenic 
organisms from homogenised sputum and untreated 
.sputum 
Pneumococcj. 
Pneumococci were isolated from the sputum 
on 85 occasions from the homogenised specimen, 
and on 67 occasions from the untreated specimen. 
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Pneumococci were not isolated from the untreated 
specimen if they were not recovered from the 
homogenised sputum. 
Haemophilus influenzae 
There are two factors to be considered in 
assessing the isolation rate of Haemophilus 
influenzae. The first is homogenisation of the 
sputum and the second the advantage of heated 
blood agar over blood agar as a culture medium. 
Isolations from homogenised sputum 
From heated blood agar on 47 occasions 
From blood agar on 30 occasions 
isolations from untreated sputum 
From heated blood agar on 40 occasions 
From blood agar on 27 occasions 
The influence of carbon dioxide on the growth of 
pneumococci. 
The beneficial effect of carbon dioxide on 
the growth of all pneumococci has been noticeable 
throughout. The method used for the production 
of the carbon dioxide is the action of hydrochloric 
acid on chalk. In this method a certain amount 
of moisture appears in the container and it is 
observed that this improves the growth of the 
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organism. The heaviness of the growth appears 
to be in direct proportion to the degree of 
condensation. To further this a jar of water 
is placed in the container. 
During the second year of the investigation 
it was observed that pneumococci isolated from 
three patients grew only on culture with the 
addition of 10% carbon dioxide. 
There was on the plate incubated under these 
conditions a profuse growth of the organism ,in 
marked contrast to a complete lack of growth on 
the plate incubated under normal aerobic condition 
The first of these organisms was a type 2 
pneumococcus. From the beginning this pneumoco- 
ccus had been isolated without difficulty from 
several specimens until January, 1961, when it 
was found to grow on culture only when carbon 
dioxide had been added. Since that time these 
conditions have been essential for growth. The 
sputum from this patient was inoculated in a mousei 
when pneumococci were cultured from the heart 
blood. These organisms grew only in the presence 
of carbon dioxide. 
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The second of the pneumococci growing under 
these circumstances is a type 17 organism. It 
was cultured regularly without difficulty from 
the sputum until October, 1960, when it was found 
that the addition of carbon dioxide was essential 
for growth. It has been cultured frequently 
since then under the same conditions. The 
organism isolated by mouse inoculation required 
the same conditions of growth. 
The third pneumococcus in this group is a 
type 3 which grew well under ordinary conditions 
until December, 1960, when the addition of carbon 
dioxide became essential for growth. These 
conditions have continued to be necessary both 
with the organism isolated from the sputum and 
those isolated by mouse inoculation. 
In all the specimens under examination 
pneumocooci were present in large numbers in the 
Gram film of the sputum. 
Relation of the age of the sputum specimen to the 
Pathogenic organisms isolated. 
At four of the quarterly examinations all the 
sputum specimens, a total of 104, were cultured 
for a second time twenty four hours after arrival 
at the laboratory. 
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All pathogenic organisms isolated on the 
first day were also isolated on the second day. 
In four of the cases already described 
where carbon dioxide was required for the growth 
of the organism,the sputum when inoculated in a 
mouse was three days old but typical pneumococci 
were cultured from the heart blood of the animal. 
Incidence of isolation of Staphylococcus 
aureus, 
The incidence of isolation of Staphylococcus 
aureus from the sputum is not high. Five 
patients have produced growths during the course 
of the trial. In three of these this was on one 
occaaion only. One patient produced a culture 
on four occasions and one patient on three 
occasions. These isolations occurred at irregul- 
are intervals in the course of the investigation. 
Staphylococcus aureus was isolated from the nasal 
swabs of five patients. In four patients this 
was a single isolation and in the remaining patien 
there were two positive cultures at an interval of 
18 months. Only one patient yielded Staphylococcus 
aureus from both the sputum and nasal swab and 
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these were at separate times. Staphylococcus 
aureus was isolated from the axillary swab of 
one patient. This was the only isolation of 
the organism from this patient. 
esults of investigation for the presence of 
Haemophilus influenzae antibodies in the patients' 
serum 
The serum of twenty four patients was examin- 
ed for Haemophilus influenzae antibodies on a 
single occasion in January, 1962. The following 
are the results obtained:- 
No agglutination obtained with the patients' 
serum - 7 patients 
Details of bacteriological examinations of 
these patients: - 
B. proteus isolated throughout - 2 patients 
Pneumococci isolated at start of 
trial only - 2 
Pneumococci and Haemophilus 
influenzae at start of trial 
only - 1 patient 





Patient's serum agglutinating 
Haemophilus influenzae in dilution 
1:32 - 1 patient 
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Details of bacteriology - 
B. proteus isolated throughout trial 1 patient 
Patient's serum agglutinating Haemophilus 
influenzae in dilution 1:64 - 4 patient 
Details of bacteriology - 
Pneumococci isolated at start 
of trial - 1 patient 
Pneumococci and Haemophilus 
influenzae isolated at start 
of trial - 1 
Pneumococci isolated throughout 
trial - 1 
Pneumococci and Haemophilus 






Patient's serum agglutinating Haemophilus 
influenzae in dilution 1:128 - 5 patient 
Details of bacteriology - 
Pneumococci at start 
of trial - 
Pneumococci and Haemophilus 
influenzae at start of trial - 
Pneumococci isolated throughout 
trial - 
Pneumococci and Haemophilus 








Patient's serum agglutinating Haemophilus 
influenzae in dilution 1:256 - 3 patients 
Details of bacteriology - 
Pneumococci at start of trial - 1 patient 
Pneumococci and HaemniDhil= 
influenzae throughout trial - 2 patients 
3 
Patient's serum agglutinating Haemophilus 
influenzae in dilution 1:512 - 3 patients 
Detalls of bacteriology - 
Pneumococci and Hagmo h' us 
influenzae at start of trial - 1 patient 
(There was only one single 
isolation of Haemophilus influenzae) 
Pneumococci isolated at start 
of trial - 2 patients 
3 
Patient's serum agglutinating Haemophilus 
influenzae in dilution greater than 
1:512 - 1 patient 
Details of bacteriology - 
Pneumococci and Haemophilus influenzae 
isolated at start of trial - 1 patient 
The control serum in this investigation 
agglutinated Haemophilus influenzae in dilution 
1:32. 
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Results of Sens't'vities of pathogenic organisms 
to tetracycline and chloramphenicol. 
Throughout the trial the sensitivities of the 
organism were tested by the disk diffusion method. 
There were a total of 85 isolations of 
pneumococci and a total of 47 isolations of 
Haemophilus influenzae. All these organisms 
were sensitive to the action of tetracycline and 
chloramphenicol. 
All strains of Staphylococcus aureus - a 
total of 17,were sensitive to chloramphenicol. 
Five strains of Staphylococcus aureus isolated 
from the sputum were resistant to tetracycline. 
All other strains of Staphylococcus aureus isolate 
from the sputum were sensitive to the drug. Of 
the five tetracycline resistant strains, three 
were isolated from one patient, and two from one 
patient. These were the only isolations of 
Staphylococcus aureus from these patients. 
All strains of Staphylococcus aureus isolated 
from nasal and axillary swabs were sensitive to 
chloramphenicol and tetracycline. 
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Results of findings in Gram film. 
Pathogenic organisms present in Gram film. 
It was found that when pathogenic organisms 
were isolated on culture they were also present 
in the film. 
Other organisms isolated from the sputum. 
Throughout the trial the almost complete 
absence of coliform organisms was noticeable. 
This observation does not include the three 
patients from whom Proteus has been isolated 
throughout. 
In patients there a single isolat- 
ion of Bact. coli, and this was a scanty growth 
of the organism. 
One patient yielded a growth of Proteus 
on two different occasions. 
Mon'1 a has also been noticeably absent. 
Four patients produced scanty growths on single 
occasions during the trial. These were isolated 
on blood agar. 
In June, 1960, and December, 1960, 52 
specimens received at the quarterly trial were 
inoculated on Sabour and agar. From the sputum 
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of nine of the 26 patients growths of Monilia 
were obtained at one or both examinati -ns. The 





































+ = a scanty growth: ++ = a moderate growth: 
+++ = a profuse growth. 
In all except one patient where Monilia 
stallatoidea was found, the fungus isolated was 
Monilia al bicans. 
The other commonly isolated organisms are 
Strept. viridans and N. catarrhalis. They have 
appeared throughout the trial in varying numbers. 
193 
Seven patients produced profuse growths of 
Stept. viridans associated with purulent sputum. 
The Gram film of these sputa showed large numbers 
of streptococci. No pathogenic organisms were 
isolated at these examinations. 
N. catarrhalis was found commonly on culture. 
It was observed that this organism although 
frequently scanty in the film was profuse in 
culture. 
On three occasions in different patients 
a profuse growth of N.catarrhalis was associated 
with purulent sputum. On these examinations the 
Gram film showed large numbers of pus cells with 
numerous intra and extra cellular neisseriae. 
No pathogenic organisms were isolated at these 
examinations. 
The a.dentificatjon of pneumococci by bile 
Solubility. optochin sensitivity and inulin 
fermentation. 
There were three strains of pneumococci 
which had the typical morphology and colonial 
appearance of the organism, but which were in- 
sensitive to optochin. The sputum was inoculated 
into a mouse when pneumococci with similar 
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characters were is4ated from the heart blood. 
Mouse inoculation 
Mouse inoculation was not done as a routine 
but it was carried out in the above examples 
and in six cases where pneumococci appeared to 
be present in the film of the sputum but did not 
grow on culture. Inoculation of the sputum in 
these cases produced a growth of the organism 
from the heart blood of the mouse. 
Relation of fog to the isolation of Pathogenic 
organisms. 
From information received from the Meterio- 
logical 'Office, it was known there was severe 
fog on 19th November, and 24th, 27th and 28th 
December, 1960, and in 1961 on November, 10th, 
18th, 19th and 22nd; also on December, 19th, 
20th and 21st. 
In 1960 12 out of 27 patients produced 
pathogens in the sputum on the first visit after 
the foggy period which had been approximately 
one week to ten days previously. There were 7 
isolations of pneumococci and 5 of Haemophilus 
influenzae,. On the previous examination no 
pathogens were isolated from the sputum. In 1961 
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12 out of 26 patients produced pathogens from the 
sputum in the visit after the foggy period which 
was 7 to 10 days before. There were 3 isolations 
of Haemophilus influenzae, 5 isolations of 
pneumococci, 1 isolation of Haemo hilus influenza . 
and pneumococci, 1 isolation of Haemophilus 
influenzae and Klebsiella neumonia.e, and 2 
isolations of Staphylococcus alzreus. 
From only one of these twelve patients had 
a pathogenic organism (Haemophilus influenzae) 
been isolated at the previous examination. 
DISCUSSION 
There are many factors in this trial which 
are as yet p.nknown, and although some of the 
conclusions drawn from the bacteriological results 
must of necessity be surmise, some definite facts 
do arise. 
There has been a high isolation rate of 
potentially pathogenic organisms. Considering 
all the patients who were accepted for the study, 
out of a total of 33 there were 30 from whom 
pneumococci and Haemophilus influenzae were 
cultured. There have been several reports of 
the isolation of these organisms from the sputum 
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of patients with chronic bronchitis (May 1953a, 
195313,1954; May and Oswald, 1956; Helm et al, 
1954; Stuart Harris, et ai., 1953; Mulder et al., 
1952; Elmes et al., 1953; Edwards et al., 1957; 
Murdoch et al., 1959; Brumfitt and Willoughby, 
1958; Buchanaa et al., 1958). 
The significance of Haemophilus influenzae 
has been stressed by Mulder and colleagues (1952) 
who reported that this organism could be isolated 
from 84% of patients with chronic mucopurulent 
bronchitis which was nearly always associated with 
bronchiectasis. The studies of May (1954) where 
Haemophilus influenzae was present in 80 -90% of 
cases of ptrulent bronchitis confirm this finding. 
In his earlier works (1953 a & b) equal importance 
was given to pneumococci and Haemophilus influenzae 
but in the later study Haemophilus influenzae was 
isolated four times as frequently as pneumococci. 
This high isolation rate of Haemophilus influenzae 
was again found in a later investigation (May & 
Oswald 1956). In a study of 17 patients with 
chronic bronchitis,Helm and his colleagues (1954) 
isolated Haemophilus influenzae from 94% of cases. 
81% of the cases studied by Buchanan and colleaguep 
(1958) were infected with Haemophilus influenzae. 
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In the present study pneumococci were isolate 
from 22 and Haemophilus influenzae from 16 of the 
33 patients indicating that the pneumococcus was 
the more frequent infecting agent. 
An improved bacteriological technique was 
a reason put forward by May for the increased 
numbers of Haemophilus influenzae isolated. The 
patients studied by Mulder and colleagues,(1952), 
Helm and others (1954) and May and Oswald,(1956), 
were described as advanced chronic bronchitieF, 
and although the adjective "advanced" was not 
applied by May in 1954 the patients then did have 
some degree of dyspnoea. The significance of 
Haemophilus influenzae in bronchiectasis was 
pointed out by Mulder (1940). In a study of 
the incidence and significance of Haemophilus 
influenzae in chronic bronchiectasis,Allison and 
his associates (1943) isolated Haemophilus 
j fluenzae in 63% of patients suffering from the 
disease. 
In the present trial the patients selected 
for investigation have been in the earlier stages 
of chronic bronchitis with no overt bronchiectasis 
and it may be that Haemophilus ' nfluenzae is 
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isolated more frequently when the condition has 
become advanced and inflammatory changes and over - 
activity of the secreting elements are present. 
The incidence of Haemophilus inf],uenzae is 
high in purulent sputum. May in his study in 
1954 found a frequency of isolation of 80 -90% 
of Haemophilus ,nfluenzae from purulent sputum. 
A correlation between purulent and mucoid sputum 
and the presence or absence of pathogens partic- 
ularly Haemophilus influenzae was found by Helm 
and associates (1954). Edwards and others (1957) 
isolated Haemophilus influenzae from 60% to 70% of 
purulent sputum. More than half of all purulent 
sputum examined from chronic bronchitics yielded 
a growth of Haemophilus influenzae (Murdoch and 
others 1959). 
This association between purulent sputum and 
the presence of Haemophilus jnfluenzae was observ- 
ed when antibiotic treatment directed at the 
organism was given. The change from purulent 
sputum to mucoid sputum by suitable chemo -therapy 
was observed by May (1953b) who found that relaps 
occurred rapidly after discontinuaace of the 
therapy. The degree of purulence of the sputum 
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was considered by Murdoch and his colleagues (19595 
as a useful guide to the efficiency of the anti- 
biotic therapy. 
The antibiotic treatment received by the 
patients in the trial is unknown but the relation 
between purulent sputum and the isolation of 
Haemophilus influenzae is in agreement with the 
findings discussed above. 60% of Haemophilus 
influenzae were isolated from purulent sputum 
and 40% isolated from mucopurulent sputum. At 
no time was there a growth of the organisms from 
mucoid sputum. 
All the strains of Haemophilus influenzae 
which were isolated were unencapsulated. Mulder 
(1952) found that of the strains isolated from 
adults, 95% were unencapsulated and 5% capsulated. 
Ifs as would appear, unencapsulated Haemophilus 
influenzae is a pathogen of the bronchial mucous 
membrane, the source of the infection is of 
interest and importance. In health the bronchial 
tree is free of the presence of pathogenic organ- 
isms. By using a special technique of bronchial 
swabbing Brumfitt and his colleagues (1957) were 
able to demonstrate the sterility of the bronchial 
tree. 
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In contrast the maso- pharynx harbours a 
large number of organisms some of a potentially 
pathogenic nature among which are unencapsulated 
Haemophilus influenzáe, pneumococci, Stanh. 
nvogene s, Strelt. pyogene s, and Friedlander' s 
bacillus (Stuart Harris and colleagues 1953). 
These may be present in varying numbers at 
different seasons and conditions, in the general 
public. A carrier rate of Haemophilus influenzae 
of 40 -80% in the naso- pharynx was found by Rosher 
(1939) who found no increased incidence of the 
organism in the naso- pharynx during a cold, but 
considered there wasasuggestion in certain people 
that it was more frequently present in the nose 
in the later stages of such an infection. 
There is then an ample source of pathogenic 
organisms which may assume a pathogenic role in a 
bronchial mucosa of lowered resistance. 
As has already been discussed there was a 
noticeably high isolation rate of pneumococci in 
the present study. A predominance of pneumo- 
cocci has rarely been observed in bacteriological 
studies of the sputum of chronic bronchitics. 
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Stuart Harris and colleagues (1953) reported a 
high isolation rate of pneumococci. In this 
investigation pneumococci were isolated from 50% 
of cases and Haemothilus influenzae from 15%. 
'This finding may have been influenced by the 
employment of mouse inoculation in some cases, 
and the failure to use a selective medium for the 
isolation of Haemophilus influenzae. In the 
opinion of Brumfitt and Willoughby (1958),the 
high isolation rate of pneumococci observed by 
Stuart Harris and colleagues (1953) was possibly 
due in part to some of the strains of pneumococci 
having originated from the throat. From a 
comparison of the bacteriology of bronchial swabq 
and sputum and throat swabs, Brumfitt and colleag- 
ues (1957) concluded that where a pathogenic 
organism was absent from the bronchial swab but 
present in the sputum and throat swab, it was a 
contaminant from the throat. In this study 
pneumococci were the organisms which most fre- 
quently appeared as contaminants. 
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In the present study as throat swabs were 
not taken, it is not possible to estimate the 
possible degree of contamination. However as 
isolation of pneumococci was associated with 
purulence of the sputum, indicating an inflammat- 
ory reaction, it is considered that they sh'uld 
be regarded as infecting agents. In addition it 
was possible to type certain of the strains 
isolated, which showed that the type isolated from 
the sputum remained constant, indicating that one 
type had gained access to the lower respiratory 
tract. If the pneumococcus was derived from the 
upper respiratory tract,isolation of more than one 
type might have been expected. Masters and 
colleagues (1958) showed a variation in the 
pneumococcal types isolated from carriers. 
A consideration of the types of the strains 
isolated can give some indication of the potential 
danger caused by their presence. As with Haemo- 
nhilus inf luenzae,the pneumococci isolated from 
the sputum of chronic bronchitic patients are 
considered to be derived from the patient's own 
naso- pharynx. This conclusion is based on a 
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comparison of types isolated from chronic bron- 
chitic sputum and those found in the throat and 
nose of healthy people. Heffron (1939) gives 
the carrier rate in healthy people as type 1 
0.4 %, type 3 10.5% and the remaining types 34.9%. 
Types commonly found in the respiratory 
tract of carriers are 6,19 and 23 (Cruickshank 
and colleagues 1960). Type 14 is also found 
commonly in carriers (Masters and his associates 
1958). 
The number of types identified in this trial 
is too small to analyse statistically but the 
overall impression is that they are following the 
generally accepted pattern. 
The regular and frequent isolation of two 
type 3 pneumococci from two patients and a type 
2 pneumococcus from one patient raises the questi 
of the epidemiological significance of these 
organisms. As well as the recognised virulence 
of these types in respiratory infections, the 
invasive nature of type 2 makes the question more 
pertinent. In addition to the hazard to the ' 
n 
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patient himself there is also the possibility of 
spread to others who are in close contact. A 
study of the family history and living conditions 
could be of some interest. In a study of the 
spread of respiratory disease among families, 
Brimblecombe and colleagues (1958) found that the 
transfer rate of pneumococci isolated from the 
nose and throat rose significantly with the 
degree of orowding. Where new types of pneumo- 
cocci were introduced into the family it was found 
that the school children and the fathers, the 
members of the group who had the closest most 
frequent contacts outside, were the most frequent 
offenders. Masters and associates (1958) found 
that thirteen new types were introduced into nine 
families. A study of the family history of 
dickness and the living conditions of these 
patients could be of interest. Examination of 
the bacterial flora of the upper respiratory tract 
of the patient and his immediate family circle 
might yield information as to a possible source 
of the organism. There is a high nasal carrier 
rate of pneumococci in young children (Master et al 
1958). 
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The presence of two type 6 organisms is not 
surprising as this type is commonly found in 
healthy carriers. Prolonged carriage of this 
type is common (Masters 1958). Of the other 
types isolated, of interest is the presence of 
four strains of type 32. It has been observed 
in other studies in this hospital that type 32 
has been isolated with some frequency from the 
sputum of patients with chronic bronchitis and 
it may be that this type is not unusual in this 
part of the country. 
There are three patients from whom Proteus 
has been isolated throughout the trial. The 
regularity of the isolation of this organism has 
been a marked feature and has been associated with 
the same type of sputum in all patients. This 
has been of a mucoid, fluid character, profuse 
in amount in two, and somewhat less in quantity 
in the other. The volume has remained in all 
three patients very constant all through the 
investigation. Sensitivity tests have shown 
that the organisms are resistant to chloram- 
phenicol, tetracycline and sulphonamide, so that 
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if these patients are receiving an antibiotic 
they are not likely to derive benefit from it. 
Without clinical information it is difficult to 
say what importance these organisms have. The 
absence on microscopic examination of a large 
number of pus cells would give the impression that 
there is not a gross inflammatory reaction present 
yet it is felt that some consideration should be 
given to the presence of these organisms in large 
numbers on culture and in the Gram film. The 
question arises as to the source of these organ- 
isms. As they have been present since the first 
examination it does not appear that they are 
colonising the bronchial tract following elimin- 
ation of other bacteria by chemotherapy. The 
possibility of a focus of infection perhaps in a 
sinus should not be overlooked. It is of interes 
that culture of the nasal swabs from these patient 
has not yielded growths of B. Proteus. The site 
of swabbing was the anterior Hares which could 
account for a negative finding if the site of the 
infection was a sinus. Snuff has been studied 
as a source of infection in chronic bronchitis by 




The smoking habits of the patients areunknown 
but this source of infection although possible is 
not likely. 
The presence of antibodies to Haemophilus 
influenzae in the serum of patients suffering from 
chronic bronchitis is another indication of the 
significance of the organism in the disease. 
This examination was undertaken on one sample of 
serum from 24 patients during the winter of 1961. 
No comparison is therefore available with the 
antibody level during the early part of the trial 
or in the summer months. In spite of these 
limitations some interesting facts have emerged, 
although there is such complexity in the antigenic 
structure of the Haemophilus influenzae that it is 
difficult to assess them completely. 
The control serum throughout this study 
agglutinated Haemophilus influenzae in a dilution 
of 1:32. If this reading is taken as normal, 
the details of the eight patients whose serum 
agglutinated up to this dilution is of interest. 
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In only one case was Haemophilus influenzae 
isolated from the sputum and this was at the 
start of the trial. It is of interest that 
the serum of the three patients with mucoid 
sputum at all examinations gave either negative 
readings or a very low titre. When considering 
the higher antibody titres,interpretation of the 
results shows some apparent anomalies, if 
infection of the sputum with Haemophilus 
influenzae is taken as the necessary requirement 
of agglutination of the serum. 
There were a total of fifteen patients in 
this group and of these there were nine from whom 
Haemophilus influenzae had been isolated from 
the sputum. From the remaining six only pneumo- 
cocci had been isolated. An obvious explanation 
for this is a faulty bacteriological technique 
but it is not felt that this is the answer. 
There is no standard technique for this 
procedure and it is thus not possible to compare 
results with those of other workers. Glynn in 
1959 detected antibodies by titration against 
tanned red cells and obtained very high titi+es. 
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He found no relation between the antibody titre 
or severity of the disease, the duration and the 
presence of active infection. No reference was 
made in his work to the purulence of the sputum 
and the level of the antibody titre. 
Other writers stress the significance of 
raised titres but do not give details of the 
method and Murdoch and associates (1959) found 
the antibody titre did not rise above 1:240 in 
patients from whom Haemophilus influenzae had 
not been isolated. In a study of the use of 
Haemophilus influenzae vaccine, Brown and Wilson 
(1959) studied the effect of the vaccine on the 
level of the titres but do not give particulars 
of readings or technique. 
Although the presence of a raised antibody 
titre is confirmatory evidence of the role of 
Haemo hilus influenzae in chronic bronchitis, ther 
are very wide gaps in our knowledge of the subjec 
It is not known if this is a manifestation of the 
early stage of the disease and remains even after 
therapy has removed the organism from the sputum 
or if it appears only after the condition has 
been established. 
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The invasive nature of the Haemophilus influenzae 
was recognised by Hers and Mulder (1953) who 
demonstrated the organism in the basement membrane 
while the bronchial epithelium was unimpaired. 
This incursion of the Haemophjlus influenzae 
is considered by Murdoch and co- workers (1959) 
to be a contributing factor in the production of 
antibodies. Present knowledge of the antigenic 
structure of the organism is so limited that there: 
are many grounds for error. It is however a 
subject of great interest and would provide a fiel. 
for fruitful and rewarding study. 
Infection of the sputum with Staphylococcus 
aureus has not fortunately been a problem in this 
investigation. In a trial of long term chemo- 
therapy in chronic bronchitis May (1956) found a 
quarter of the patients were carriers of antibioti? 
resistant coagulase positive staphylococci at the 
end of the study. There have been only transient 
isolations of Staphylococcus aureus in this trial. 
As far as is known none of the patients have been 
hospitalised during the period which may be 
contributing factor to the paucity of isolations. 
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No evidence of increased resistance to 
chloramphenicol and tetracycline has been 
observed in the pneumococci and Haemophilus 
influenzae isolated. Sensitivity testing was 
performed by the disk diffusion method and as 
this appeared to give satisfactory results the 
plate dilution method was not employed. Five 
of the strains of Staphylococcus aureus isolated 
from the sputum were resistant to tetracycline 
but it was considered they were only temporary 
inhabitants of the respiratory 
The detrimental effect of air pollution and 
fog in the causation of chronic bronchitis has 
been indicated by the greater incidence of the 
disease in industrial areas and by the increased 
mortality following periods of severe fog 
(Oswald, 1958; Logan, 1953b; Martin and Bradley 
1960). 
It is noticeable that there was a much 
higher isolation rate of Haemhi oplus influen e za 
and pneumococci during the winter months, than 
in the summer. A much higher carrier rate of 
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pneumococci was found during the winter months 
by Masters and his co- workers (1958). In 
the patients in this study from whom pathogens 
Care still being isolated, the incidence is 7.5 times 
greater in the winter than in the summer. As 
the hazard of fog is a serious threat to the 
health of the chronic bronchitic, it was 
considered of interest to s::e if this was 
related to the isolation of pathogens. From 
information received from the Meteriological 
Office, it was known there was severe fog on 
19th November, 1960, and 24th, 27th and 28th 
December, 1960, and in 1961 on November 10th, 
18th, 19th and 22nd; also on December 19th, 
20th and 21st. Sputum examined seven to ten 
days after the fog in 1960 yielded pathogenic 
organisms from 12 out of 27 patients. In the 
previous examination which was before the onset 
of fog no pathogens had been isolated from these 
patients. Culture of the sputum at the first 
examination after the fog in 1961 showed patho- 
gens in 12 out of 26 patients examined. Only 
one of these twelve patients had pathogenic 
organisms in the sputum at the visit preceding 
213 
the fog. The particular danger of fog is 
mentioned by Elmes and colleagues (1955) who 
state that persons infected by Haemophilus 
influenzae are more susceptible to its effects. 
A higher isolation rate of Haemophilus influenzae 
was found by Murdoch and colleagues (1959) during 
the second year of the study when there was a 
higher incidence of foggy weather. 
The inhalation of an irritant substance 
such as fog produces an excess of mucus with an 
associated increase of goblet cells. This 
increase of goblet cells'entai_ls a reduction in 
the ciliated cells with the result that the 
secretion is not removed by the ciliary streams 
and forms a focus for the proliferation of 
bacteria. 
The results in the present trial would 
indicate that some of the patients have suffered 
adverse effects from the effect of the winter 
weather. 
The volume and consistency of sputum 
produced by patients suffering from chronic 
bronchitis may vary according to the season and 
the activity of the disease. Oswald (1958) in a 
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study of a thousand specimens of sputum found 
there was an increase in volume during the winter 
and during exacerbations of the illness. This 
larger volume was more marked in exacerbations, 
863 of the patients having a volume of more than 
1 oz. at these times. The purulence of the 
sputum was also greater during exacerbations. 
More patients produced sputum during the winter 
but there was not a marked increase in the amount 
of pus. Fletcher and Tinker (1961) found that 
chest illnesses were more frequent with increasing 
sputum volume. These were early morning 
specimens. 
As in this study only the early morning 
specimen is examined,it is not possible to make 
an assessment of this nature. It was noticeable 
that with the exception of two, the type and 
volume of this particular specimen did not show 
a variation throughout the trial, the amount 
produced at the start of the investigation being 
very similar to that produced at a later date. 
There was no association between the volume of 
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the sputum and the isolation of pneumococci. 
It would be necessary to have information of 
the total volume produced during the twenty 
four hours before a complete correlation could 
be made. 
In a survey of this nature the patients 
under observation are generally out -patients, 
and so the problem of receiving a fresh specimen 
of sputum arises. There were two types of 
specimens in the present series, those which 
were produced on the day of examination and those 
received by post the following day. There did 
not appear to be a difference in the isolation 
rate of pathogens between the two groups and 
indeed some pneumococci survived a third day 
as evidenced by their isolation by mouse 
inoculation. To provide a direct comparison, 
specimens from four of the quarterly examinations 
were cultured on two consecutive days without 
any reduction in the rate of isolation of 
pathogens. This result would indicate that a 
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delay of a day would not be detrimental, and 
that delivery of the specimen by post is a 
satisfactory and suitable one for patients 
who are employed and unable to attend during 
working hours. 
A comparison was made of the isolation rate 
of pathogenic organisms from untreated sputum, 
and sputum which had been homogenised by shaking 
with water and beads. The number of isolations 
of pneumococci and Haemophilus influenzae was 
greater from the homogenised sputum, and this 
is in agreement with May 19 2) 
) 
who recommended aft )
a 
treatment of the specimen. The method used by 
him was liquefaction with pancreatin. 
For the isolation of Haemophilus influenzae 
heated blood agar was used as a selective 
medium and this was more effective in yielding 
a culture of the organism than ordinary blood 
agar. Although Haemophilus influenzae does 
grow on ordinary blood agar it is advisable to 
employ selective media. Stuart Harris and 
colleagues (1953) considered that Haemophilus 
influenzae was missed in some cases when only 
ordinary blood agar was used. 
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All pneumococci isolated were in addition 
to their morphology and colonial appearance 
identified by their reactions to sodium 
desoxycholate, ipulin, and optochin. There 
were a few organisms which were insensitive to 
optochin. 
These optochin resistant pneumococci when 
inoculated intr aperitoneally into mice were all 
shown to be virulent organisms. 
Mouse inoculation was not practised routine- 
ly but only in selected cases. The isolation 
rate of pneumococci might have been higher if 
all specimens had been inoculated into mice. 
It is considered that the examination of 
the sputum of chronic bronchitics by cultural 
and staining methods gives a very good indication 
of the degree of infection present. It is of 
interest that four of the sputa inoculated into 
mice in addition to pneumococci yielded growths 
of Haemophilus influenzae from the heart blood. 
This may be an indication of the invasive nature 
of the organism. Stuart Harris and colleagues 
(1953) found Haemophilus influenzae often mouse 
virulent in cases of bronchiectasis. 
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When examining plates for the presence of 
Haemobhilus influenzae the characteristic odour 
of the organism was of asistance, particularly 
where there was a mixed growth of other flora. 
To define this odour is rather difficult as it 
is quite distinctive. It has a pungent acrid 
quality with a background somewhat reminiscent 
of yeasts. 
The addition of carbon dioxide to the 
atmosphere was found to be very beneficial to the 
growth of all strains of pneumococci. The 
appearance in the later stage of the trial of 
three strains of pneumococci, for which these 
conditions became obligatory, is of interest. 
It emphasises the need of a careful examination 
of a Gram film without which these organisms 
would have been overlooked and also the question 
as to their relation to the poor pulmonary 
ventilation found in chronic bronchitics in the 
later stages of the disease. 
A moist atmosphere was also found to enhance 
the growth of the pneumococcus. This was also 
the opinion of Masters and his colleagues (1958). 
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A careful examination of a Gram film was a 
good indication of the organismal content of the 
sputum. In addition to the identification of 
pathogenic organisms the amount of pus could be 
estimated. This was sometimes at variance with 
the macroscopic appearance, a finding most marked 
when Proteus was the infecting agent. The 
importance of a preliminary Gram stain is stresses 
by Mulder (1956). As there may be an asthmatic 
element in certain cases diagnosed as chronic 
bronchitis it is necessary to identify the pus 
cells which are present in the sputum (May 1954). 
Although in a few specimens there was an increase 
in the numbers of eosinophil polymorphs this was 
with a few patients at widely separated intervals, 
and it did not appear to be of significance. 
The other organisms isolated from the sputum 
were Street. viridans and neisseriae. They were 
isolated regularly both with and without the 
presence of pathogenic organisms. On a few 
occasions they were associated with the productio 
of purulent sputum. There were three specimens 
of purulent sputum where neisseriae were very 
numerous in the Gram film and showed the intra- 
cellular distribution of an acute infection. 
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Generally culture of neisseriae was much more 
prolific than the numbers of organisms seen in 
the film would lead one to expect. There may 
be occasions when the resistance of the host is 
lowered for some reason allowing such organisms 
to produce a low grade infection. 
There was a noticeable lack of growth of 
coliform organisms. This finding is unusual as 
some of the patients were receiving oxytetra- 
cycline. In a study of long term prophylactic 
administration of tetracycline to bronchitic 
patients Buchanan and associates (1958) found 
that coliforms grew profusely particularly in 
the patients receiving the drug. The reason 
why in this series there was no overgrowth of 
Gr am negative bacilli is not clear but it is a 
satisfactory finding as these organisms may, in 
conditions of reduced resistance, be responsible 
for a secondary infection. 
There was no excessive growth of Monilia 
found on culture even when a selective medium was 
used. The isolation rate of Enilla in this 
experiment was slightly higher during the winter 
examination. As this is the period when an 
antibiotic therapy is given this could account 
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for the higher yield at this time. Although 
Monilia al bicans is usually a saprophytic 
inhabitant of the respiratory tract it can 
assume invasive and pathogenic properties. 
Until recent years the influence of viral 
infections in the aetiology of chronic bronchitis 
did not receive much attention. The predisposin 
action to infection of the epithelial lesions 
produced by viral infections has been described 
(Mulder and colleagues 1952; Hers and Mulder 
1953; Straub and Mulder 1948). 
The presence of significantly raised 
antibody titres to influenzae A was demonstrated 
by Murdoch and colleagues (1959) and has also 
been observed in the associated virological 
studies in this investigation. The results 
found in this study indicate that in this form 
of investigation a close co- operation between 
the virologist and the bacteriologist is desir- 
able. In the field of virology it may be that 
studies on the common cold, a frequent precursor 
of anacute exacerbation, may yield in formation 
of great value in the aetiology of chronic 
bronchitis. 
The purpose of the present trial was to see 
if a continuous antibacterial regime was effective 
222 
in preventing exacerbations of bronchial 
infection in chronic bronchitis. 
At the present stage any assessment must of 
necessity be conjecture. It is of interest that 
of the twenty seven patients who have remained 
under observation, ten have produced sputum which 
has been free from pathogenic organisms since the 
early part of the trial. It would be gratifying 
if these patients are receiving therapy and 




A study of the bacteriology of the sputum of 
thirty one patients with chronic bronchitis. 
Of 31 patients accepted for investigati -n, 
27 have been studied throughout. Approximately 
half the patients are receiving oxytetracycline 
but the identity of these cases is not known. 
Pathogenic organisms were isolated from the 
sputum of all patients at the start of the trial 
and are now persisting in seventeen; the other 
ten have remained clear. The predominant 
pathogenic organisms isolated were pneumococci 
and Haemophilus influenzae and of these pneumo- 
cocci were isolated more frequently. There was 
no evidence of colonisation of the bronchial tree 
with coliform bacilli, fungi or staphylococci. 
No increase in resistance to tetracycline and 
chloramphenicol was apparent in the Haemophilus 
influenzae and pneumococci. There was an 
increased incidence of pneumococci and Haemophilus 
influenzae during the winter and this has been 
more marked after a period of fog. The 
isolation of pneumococci and Haemophilus .influenza 
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was associated with purulent sputum but there 
did not appear to be a relationship between the 
isolation of these organisms and the volume of 
sputum produced in the morning. Homogenisation 
of the sputum improved the isolation rate of 
pathogens. The growth of pneumococci was 
improved by the addition of carbon dioxide to the 
atmosphere and also if this was moist. Some 
pneumococci were isolated which grew only in an 
atmosphere to which carbon dioxide had been 
added these organisms having at the start of the 
trial grown well without. The presence in the 
serum of antibodies to Haemonhilus influenzae 
was detected in some patients and additional 
information received from the virologists indic- 
ate that some of the patients have suffered from 
an influenzal illness at some time. 
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BACTERIOLOGICAL INVESTIGATION OF PNEUMONIA 
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This is a report on the bacteriological 
aspects of an investigation of pneumonia which 
was undertaken at the City Hospital and the 
Royal Victoria Hospital. The largest number 
of patients were investigated at the City 
Hospital. 
The object of the trial was to study as 
thoroughly as possible the aetiology of pneu- 
monias admitted to these hospitals. The study 
extended from January 1960 to March 1962. 
The type of case admitted to the trial was 
as follows:- 
(1) Patients in whom a diagnosis of pneumonia 
was made on admission; 
(2) Any patient with a temperature of 100 °F. 
or above and in whom a diagnosis of pneumonia 
was a remotely possible one. The reason for 
the inclusion of this group was it was consider- 
ed there are a number of patients who are 
ultimately diagnosed as virus pneumonias but who 
are admitted only as unexplained pyrexias. 
The number of cases studied was 153. There 
were 109 male patients and 44 female patients. 
The patients were adult with the exception of 
two boys aged 13 and 14 years. 
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The following bacteriological examinations 
were done. The sputum was examined on the first, 
second, fifth and tenth days. When it was not 
possible to obtain sputum specimens a laryngeal 
swab was examined instead. Laryngeal swabs 
were examined from all patients on the first and 
tenth days. The first day specimens of sputum 
and laryngeal swabs were taken before any treat- 
ment was given and an effort was made by all 
concerned both in the wards and the laboratory 
that there was a minimum of delay from the pro- 
duction of the specimen and its treatment in the 
laboratory. 
When the sputum was received at the labor- 
atory it was classified and measured. Three 
types of sputum were recognised - mucoid, muco- 
purulent, and purulent. The amount of sputum 
was recorded by measuring the height of the 
specimen in a universal container, the result 
being given in centimetres. 
A loopful of the purulent portion of the 
sputum was inoculated on blood agar and heated 
blood agar and Gram and Leishman films were made. 
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After rinsing in saline an equal amount of 
sterile distilled water and approximately six 
glass beads were added to the sputum; the 
specimen was shaken for a minimum of thirty 
minutes. It was necessary that the total volume 
did not exceed half the height of the container 
otherwise homogenisation was impaired and an 
excess of froth formed. 
When the specimen was homogenised,blood 
agar and heated blood agar plates were inoculated 
with a loopful of the specimen. Gram and Leish- 
man films were made. 
Laryngeal swabs were inoculated on blood 
agar and heated blood agar. Films were not made. 
The inoculated plates were incubated for 
eighteen hours. At the start of the trial the 
blood agar plates which had been inoculated with 
the homogenised specimen of sputum,were incubated 
in a moist atmosphere which contained 10% carbon 
dioxide. In the last forty cases two homogenise 
specimens were examined, one incubated in a norma 
atmosphere, and the other with the addition of 
10$ carbon dioxide. This was done in order to 
test the specific action of carbon dioxide on the 
growth of pneumococci. The carbon dioxide was 
produced by the action of hydrochloric acid on 
chalk. The atmosphere was made moist by the 
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addition of a jar of water to the container. 
Pneumococci were identified by their 
solubility in 10% sodium desoxycholate, sensit- 
ivity to optochin using a disk impregnated with 
1:4000 solution, and their ability to ferment 
inulin using a 1% solution in Hiss's serum water 
with Andrade's indicator. 
Mouse inoculation was practised routinely 
on the last 420 specimens of sputum. 0.5 ml. 
of homogenised sputum was inoculated intraperit- 
oneally into a mouse. All specimens of sputum 
produced by the patients were inoculated into 
mice. 
Typing sera from the State Serum Institute, 
Copenhagen, were available for the last 114 
patients. 
Haemophilus influenzae was identified by 
morphology, colonial appearance and the reaction 
to Gram stain. Typing sera were available for 
capsulated strains. 
Staphylococcus aureus was identified by 
morphology, by the golden colour and oil paint 
appearance of the colonies, and by coagulase 
production. Facilities were not available for 
phage typing of the organism. 
230 
As soon as possible after admission, a 
specimen of blood for culture was withdrawn 
from the patient. This was examined daily 
and retained for ten days. 
A record was kept of all organisms which 
were found either on culture or in the film 
whether they were considered to be pathogenic 
or not. The amount of growth was also noted. 
This was recorded as ± = a few colonies + = 
a scanty growth = a moderate growth 444 = 
a profuse growth. When the smears were examined 
the organisms and the number of pus cells was 
recorded in a similar manner. The type of pus 
cell was identified from the Leishman film. 
Determ'nation of the antibiotic sensitivity 
When an organism was identified its sensitiv- 
ity was tested by the disk diffusion method in 
order to give the physicians this information 
as soon as possible. 
This method was followed by the plate 
dilution method. It was decided to use heated 
blood agar as this would sustain the growth of 
all organisms including Haemophilus influenzati. 
The sensitivity of pneumococci, Haemophilus 
j,aflu,.n a and osiella Rneumoniae was tested 
to the following drugs. 
(1) penicillin (2) streptomycin (3) tetra- 
cycline (4) chloramphenicol. 
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The sensitivity of Staphylococcus aureus 
was tested to:- 
(1) penicillin (2) streptomycin (3) tetra- 
cycline (4) erythromycin (5) novobiocin 
(6) chloramphenicol. 
The method of the plate dilution method 
was as follows. The drugs were made up and 
distributed in the following dilutions (doubling) 
Penicillin 0.03 - 8 units /ml 
Streptomycin 1.0 - 512 mcg /ml 
Tetracycline 0.02 - 256 mcg/ml 
Chloramphenicol - 2.0 - 32 mcg /ml 
Erythromycin - 0.06 - 1.0 mcg /ml 
Novobiocin - 0.5 - 4 mcg /ml 
The test organisms were cultured overnight 
in broth and used undiluted. The inoculum 
was a loopful using a 3mm platinum loop, and 
was applied to the surface of the medium. The 
control organism was a standard sensitive strain 
of Staphylococcus aureus in broth and was used 
undiluted after overnight incubation at 37 °C. 
The incubated plates were incubated at 37 °C. 
overnight. The results were expressed as a 
resistance ratio that is the relationship of 
the end point of the test strain to the end 
point of the control strain which is - 
end point of test strain 
end point of control strain 
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It was decided to employ the standard 
Sta h lococcus aureus as the control strain 
as this organism was stable and the maintenance 
of a stock culture presented no difficulties. 
Throughout the investigation there was 
close co- operation with the virologists who 
undertook the following examinations. 
(1) Serological investirtion of all patients. 
(2) Virus isolation from patients admitted to 
one unit participating in the investigation. 
90 patients were investigated in this manner. 
The viruses investigated were Influenza 
A, B and C; Adenoviruses; Para influenza 1, 
2 and 3; Sendai; Adenoviruses; Psittacosis 
group viruses; R. burneti; Mumps virus. 
Serum was also tested for cold agglutinins. 
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Results 
Pathogenic organisms ,isolated from sputum and 
laryngeal swabs. 
Number of cases investigated 153 
Number of specimens of sputum examined 536 
Number of laryngeal swabs examined 285 
In table 1 the pathogenic organisms which 
were isolated on culture for the first time on 
the several days of examination have been analy- 
sed. 
Table 1. 
Pathogens isolated on the first lay of 
examination. 
Pneumococci from 47 cases 
Pneumococci and Haemophilus influenzae 
from 12 cases 
Pneumococci and Staphylococcus aureus 
from 4 cases 
Pneumococci, Staphylococcus aureus and 
Haemophilus inf1uenzae from 5 cases 
Pneumococci, Staphylococcus aureus and 
Klebsiella pneumoniae from 1 case 
Pneumococci and Klebsiella pneumoniae 
from 1 case 
Staphylococcus aureus from 19 cases 
Staphylococcus aureus and 
Haemophilus influenzae from 2 cases 
Haemophilus influenzae from 14 cases 
Pneumococc' Haemophilus influenzae 
and Klebsiella pneumonju from 1 case 
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Organisms isolated on the second day when n 
Qathoaens were solated on the first day 
Staphylococcus aureus from 6 cases 
Organisms isolated on the fifth day when no 
pathogens were isolated on previous examinations. 
Pneumococci from 2 cases 
Staphyloco ccus aureus from 5 " 
Organisms isolated on the tenth dAy when no 
pathogens were Isolated previously. 
Pneumococci from 1 case 
Klebsiella pneumoniae " 1 case 
Staphylococcus aureus " 3 cases 
Haemophilus influenzae " 1 case 
Organisms isolated on the second day when other 
pathogens were isolated on the first day. 
Staphylococcus aureus from 1 case 
Haemoph' us influenzae " 4 cases 
Organisms isolated on the fifth day when other 




from 1 case 
" 4 cases 
3 cases 
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Organisms isolated on the tenth day when other 
pathogens were isolated previously. 
Pneumococci from 1 case 
Klebsiella pneumoniae " 1 case 
Staphylococcus aureus " 8 cases 
F rst Day ExaminatJ.on 
It can be seen that pneumococci were 
predominant and were isolated from 71 cases. 
A pure culture was obtained in 47 cases. In the 
remaining 24 cases the most commonly associated 
organism was Haemophilus influenzae. Second 
in frequency of isolation was Haemophilus 
influenzae. In 14 cases a pure culture was 
obtained and in the remaining 20 cases it was 
isolated together with other organisms. 
Staphylococcus aureus was isolated from 31 cases, 
in pure culture in 19 cases and with other 
organisms in 12 cases. Klebsiella pneumoniae 
was isolated infrequently. In the three cases 
where it was found there was also a growth of 
other organisms. 
Second Day Examination 
Staphylococcus aureus was isolated from 7 
cases. In six cases no pathogenic organism had 
been isolated on the first day of examination. 
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A growth of Haemophilus influenzae was obtained 
in 4 cases where another pathogen had been 
isolated on the first day. 
Fifth day examination. 
There were two isolations of pneumococci 
in cases where no pathogen had been isolated 
previously. Staphylococcus aureus was isolated 
from 8 cases. In five of these no pathogenic 
organism had been found on earlier examination. 
There were 4 isolations of Haemophilus influenzae 
and 1 of Klebsi_ella mo ae pneuni from cases where 
no pathogenic organisms had been found on previou 
examination. 
Tenth Day Examination 
There were 11 isolations of Staphylococcus 
aureus. 8 of these were from cases where no 
pathogen had been found on earlier examination. 
Pneumococci were isolated from 2 cases. In one 
of these no other pathogen had been found previous- 
ly. Klebsiella pneumoniae was found in 2 cases. 
No pathogen had been found previously in one of 
these cases. There was one isolation of 
Haemophilus influenzae from a case where other 
organisms had been obtained at earlier examinat- 
ion. 
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It is of interest that in nineteen cases 
Staphylococcus__aureus was isolated for the 
first time on the fifth or tenth day of the 
pneumonia. The growth of organisms in these 
cases was classified as scanty or moderate and 
never was profuse. The isolation of six 
organisms was not considered of clinical 
significance and did not lead to a worsening of 
the patient's condition. 
In addition to these primary isolations, 
in several cases pathogenic organisms were 
isolated on more than one examination. 
Table 2. 
Day of examination 
on which organisms 
were isolated. 
The number of cases and the 
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Organisms were isolated from the largest 
number of cases on the first and second days. 
Pneumococci were isolated from twelve cases, 
Staphylococcus aureus from eleven cases, 
Haemophilus influenzae from four cases and 
Klebsiella pneumoniae from one case on these 
two days of examination. In the majority 
of these cases the organisms were not isolated 
at later examinations. There were some cases 
where organisms were isolated at early and late 
examinations, for example in seven cases 
pneumococci were isolated on the first and the 
tenth days. 
In order to determine the significance of 
strains of organisms isolated at later examin- 
ations, it is necessary where possible to ident- 
ify the type present. In the present study 
phage typing of staphylococci was not undertaken 
and typing sera for Klebsiella were not avail- 
able; it was found that all strains of Haemo- 
philus influenzae, isolated were unencapsulated. 
Typing sera were available for some strains of 
pneumococci and it was possible by this means 
to identify some organisms isolated at more than 
one examination. Three of the strains isolated 
on the first and second days were identified as 
type 3 pneumococci, one strain isolated on these 
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days was identified as a type 12 pneumococcus, 
and one other as a type 8 pneumococcus. Two 
strains isolated on the first and fifth days 
were identified, one was a type 20 pneumococcus 
and the other a type 32 pneumococcus. A type 
3 pneumococcus was isolated from one patient 
on the first and tenth days of examination. 
The isolation of pneumococci particularly 
virulent strains, on the first and second days 
might appear to indicate a severe degree of 
infection which was not immediately controlled 
by treatment. Where however organisms were 
isolated at late examination and were not assoc- 
iated with exacerbations of infection as in the 
present series, the possibility of contamination 
from the throat should be considered. 
The preceding analysis is a purely 
bacteriological one. When the bacteriological 
findings were considered in relation to the 
clinical findings found on admission, the cases 
were classified in the following groups. 
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Infecting Agents 
Pneumococcus in 48 cases 
Pneumococcus and 
Haemobhilus influenzas in 20 cases 
Haemophilus influenzae in 15 cases 
Staphylococcus aureus in 11 cases 
No specific pathogenic 
bacteria isolated in 59 cases 
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Relation of age and sex of patient to type of 
bacterial infection 
In table 3 the age and sex of the patients 









paths aureus philus 
influ- philus 



















20-30 0 0 0 0, 0 11 3 1 3 2 
30-40 4 0 1 2 0 1 3 1 0 3 
40-501 0 2 0 3 0 5 2 3 2 
50-60 0 0 1 1 2 0 12 2 5 2 
60up- 
wards 6 o 2 9, 3 15. 4 22...i2 
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There was a larger number of male than 
female patients. 109 patients were male and 44 
were female. There was however a larger number 
of beds available for male patients. There was a 
predominance of patients of both sexes in the 
higher age groups. 76 of the males (69%) and 26 
of the females (59$) were over the age of 50 years. 
There was an increased isolation of pneumo- 
cocci in males over 50 years of age as compared 
with the younger patients. Of 38 cases where a 
pure culture of pneumococci was obtained, 27 (or 
71%) were men over 50 years of age. Where a 
combined infection with pneumococci and Haemo- 
iDhilus was considered responsible 78% of these 
isolations were from males over 50 years of age. 
In male. patients ,over 50% of the staphy- 
lococcal infections were found in patients over 
60 years of age. Staphylococcus aureus was not 
considered as the pathogen responsible for infect- 
ion of any of the female patients. 
There was a failure to isolate pathogenic 
bacteria from a higher proportion of the older 
patients as compared with the younger age group. 
Of the 37 male cases which were not diagnosed 
bacteriologically, 27 i.e. 73% were over the age 
of 50 years. Of the female patients in this 
group, 14 out of 22 i.e. 63% were over the age of 
50 years. 
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The general conclusion from this analysis 
was that in male patients there was a higher 
isolation rate of pneumococci with increasing 
age, and also a tendency for no specific bacterial 
pathogen to be found in the older patients both 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































35 types were identified. 11 strains 
belonged to type 3 which is 31% of the total. 
In this group there were four deaths and in three 
of these cases there was associated bacteraemia. 
All these patients were aged 6o years and over. 
In table 5 the cases from which type 3 
pneumococci were isolated have been analysed 
according to the severity of the illness and the 
age of the patient. 
Table 5. 
Age. Moderate Severe 
0 -30 1 0 
1 0 
40 -50 1 0 
5o -6o 2 1 
60 -70 0 3 
70 upwards 0 2 
Six cases were classified as severe and 
five as moderate. The table shows that there 
was a tendency for the severity of the illness 
to increase with the rising age of the patient. 
In table 6 the types have been divided into 
two groups. 
1. Types 1 -8 which are considered the more 
virulent types. 
2. Type 9 and upwards. Again they have been 
considered in/ 
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in relation to the severity of the illness and 





1 -8 (57%) 
Severe 
Types 9 and upward 
(435x) 
Moderate Severe 
0 -30 1 0 0 0 
30 -40 3 1 o o 
40 -50 2 1 3 o 
5o -6o 3 1 1 o 
6o -7o o 4 4 1 
70 up- 
wards 1 3 5 1 
19 of the strains of pneumococci which were 
typed were obtained from patients over 6o years 
of age. Of these, 8 belonged to types 1 -8 
and this included 5 strains of type 3 pneumo- 
cocci. The remaining 11 strains belonged to the 
higher types and in nine cases infected by these 
types,the illness was of a moderate nature. 
In the patients under 6o years of age 12 
out of the 16 patients in this age group were 
infected with types 1 to 8. The illness in 9 
of these cases was regarded as moderate in 
nature. 
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Radj.ological findings in relation to type of 
Dneumococcus isolated 
On radiological evidence the cases were 
divided into three main groups, lobar pneumonia, 
lobular pneumonia, and segmental pneumonia. 
There were also some cases where there was no 
radiological evidence of pneumonia. 
In table 7 the cases have been analysed 
according to the type of pneumonia diagnosed 
radiologically and the infecting type of 
pneumococcus. The pneumococcal types have been 
divided into two groups, those of the lower type 
1 -8 and those above that number. As lobar and 
segmental indicate degrees of consolidation 
these pneumonias have been grouped together. 
Table 7. 
Lobar and No evidence 
Segmental Lobular of pneumonia 
Types 1 -8 15 4 1 
Types 9 & 
upwards 8 4 3 
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It can be seen that the lower types were 
responsible for the largest number of cases of 
lobar and segmental pneumonia. However in just 
over half the cases due to infection with the 
higher types, the pneumonia was either lobar or 
segmental in character. 
The conclusions which may be drawn from this 
study are 
1. The younger patients were more commonly 
infected with the lower types of pneumococci 
which in most of these patients caused a moderate 
illness. 
2. Older patients when infected with the lower 
types of pneumococci tended to have a severe 
illness. This was particularly marked when the 
infecting type was type 3. 
3. The higher types of pneumococci were isolated 
more frequently from the older patients and the 
illness was generally of a moderate nature. 
4+. Of the cases where the infecting pneumococcus 
belonged to the lower types the largest proport- 
ion of cases (75%) were lobar or segmental in 
type. 
5. Of the cases here the infecting type of 
pneumococcus belonged to the higher types,53% 
were lobar or segmental in type. 
249 
Bacteraemj 
A growth of pneumococci was obtained on 
culture of the blood of ten patients in the 
investigation. No other organisms were found 
by this method of examination. 
This is a percentage of 0.65% of all cases 
in the study or 14.7% of cases where the infect- 
ing organism was the pneumococcus. 
As typing sera were not available at the 
start of the trial, only eight strains were typed. 
The identified types and the ages of the 











Not typed 71 
Not typed 61 
+ Fatal case 
Type 3 was the predominant type and three 
of the cases where this was the infecting type 
had a fatal outcome. The other patient who 
died was infected with a type 14 pneumococcus. 
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All these four patients were over 60 years 
of age, as were most of the patients in whom 
bacteraemia was present. The high incidence 
of bacteraemia in older patients is seen in the 
25.8% incidence of this condition in patients 
with pneumococcal pneumonia over 60 years. 
Bacteraemia was present in 5.4% of such patients 
under the age of 60 years. 
From the present study it would appear that 
bacteraemia was a serious complication of pneumo- 
coccal pneumonia in elderly people, as seen by 
the high proportion of deaths which occurred in 
this group. 
Two strains of pneumococci, a type 14 and a 
type 23, were isolated from the blood in two cases 
where sputum specimens were not available. In 
these cases culture of laryngeal swabs did not 
yield a growth of pneumococci. 
Mouse Inoculation 
Intraperitoneal inoculation of sputum 
420 specimens of sputum were inoculated 
intraperitoneally into mice. The pathogenic 
organisms obtained by this technique can be seen 
,on table 8. 
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Table 8 
Analysis of pathogens isolated 
Pathogens 









Pneumococci 34 7 1 1 
Staphylococcus 
2 2 0 1 aureus 
Klebsiella 
0 0 1 0 pneumonia 
Haemoph.ilus 
2 1 0 0 influenzae 
Fifty two pathogens were isolated by mouse 
inoculation. The most frequently isolated 
pathogen was the pneumococcus which was present 
on forty three occasions. The largest number 
of organisms was isolated at the start of the 
pneumonia, although there were single isolptions 
of Staphylococcus aureus, Klebsiella pneumoniae 
and pneumococci on the tenth day. 
On fburtcen occasions mouse inoculation was 
the only effective method of isolation of 
pneumococci from the sputum. Twelve of these 
were on the first day, one on the second day, 
and one on the fifth day. 
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Pneumococcal tvpes isolated by mouse inoculation' 
only 



















Iso ated on the second day 
1 strain which was not typed. 
Isolated on the fifth day 
Type 3 1 strain 
It can been seen that the types isolated 
only by mouse inoculation were mostly those 
considered to be of a virulent nature. 
Pneumococci isolated from the sputum which were 
not mouse virulent 
Pneumococcal types isolated from the sputum 










+ This strain was isolated on the fifth day. 
On the first day a type 32 mouse virulent 
pneumococcus was isolated from the sputum. 
It can be seen that strains of the lower 
types possessed the greater degree of mouse 
virulence. Absence of this property in higher 
types did not necessarily result in a less severe 
infection in man, as seen in a severe pneumonia 
caused by infection with a type 35 pneumococcus. 
Patients from whom no bacterial pathogens were 
isolated 
Fifty nine patients were in the group where 
no significant pathogenic bacteria were isolated 
at the start of the illness. 
Thirty one patients had received antibiotic 
treatment before admission,.; twenty five had not 
received treatment and in three cases no informa- 
tion was available. 
In seven of the 31 cases who had received 
previous treatment, there was serological evidence 
of a virus infection. Four cases showed a rise 
in antibody titre, and three had raised titres 
which were considered suggestive of a recent 
!infection. 
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ADalZsis of the twenty eight cases where no known 
treatment had been iven 
Presence of a viral infection. 
Four cases were considered to have a current 
infection. In three cases this diagnosis was 
based on serological evidence of a rise in virus 
antibodies. From one patient a virus was 
isolated. 
Three patients were regarded as having had a 
recent infection on serological evidence of 
significantly raised antibody titres. 
It was considered that these infections were 
the possible cause of the pneumonia. 
There remained twenty one cases where no 
previous treatment had been given and there was 
no evidence of a viral infection. 
These cases have been analysed in more 
detail. 
Age distribution of remaining twenty one 
case s 
Age groups No pathogen group Other patients 
in trial 
Number of cases Number of cases 





0 -70 6 39 
7o -8o 3 14 
over 80 4 10 
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The majority of patients (62 %) were over 
60 years of age which is in accordance with the 
general age distribution of the patients in the 
trial. There was however a higher percentage 
of patients over 80 years in age in this group, 
19 %, as compared with 7.5% of such patients in 
the remainder of the series. 
Bacteriological findings in the 21 cases. 
A profuse growth of PJonilia was obtained 
in two cases, and a profuse growth of Bact.coli 
in one case. In three cases there was a moderate 
growth of Staphylococcus aureus and from one 
case a growth of Proteus. 
These organisms were not regarded as of 
clinical importance. The organisms isolated 
from the remaining cases were N. catarrh.alis and 
StreDt. viridans. This was the bacterial flora 
of all cases over 80 years of age. 
The type of specimen 
examined 
No sputum specimens were received from four 
patients on the first day of examination. In 
these cases laryngeal swabs were examined. Mouse 
inoculation was therefore not done in these cases. 
In two cases the sputum specimen received was 
salivary in type. 
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Summary of findings 
59 cases were not diagnosed bacteriological] 
31 cases had received previous antibiotic treat- 
ment. In 7 of these it was considered that a 
virus may have been the cause of infection. 
In 7 of the remaining 28 cases it was 
considered that a virus was a possible cause of 
infection. 
Although bacterial pathogens were isolated 
from some of the remaining 21 cases it was not 
considered that they were the cause of the 
pneumonia. 
In 6 other cases a less complete examination 
was done, as only laryngeal swabs were received 
from four patients and in 2 cases the sputum 
,specimens were salivary in nature and not 
considered satisfactory. 
' Nozl pathoRenic' organisms _isolated during invest-' 
igations 
A record was made of all organisms isolated 
in the investigation. The non pathogenic organ- 
isms most frequently isolated were N. catarrhalis 
and Strept. viridans which were generally found 
with pathogenic bacteria at the start of the 
pneumonia, and remained in the sputum after the 
infecting organisms had disappeared. In most 
cases the presence of fir. catarhalis and Street. 
257 
Film of sputum from patient with pneumonia, 
showing intracellular neisseriae. No bacterial 
pathogens were isolated and there was evidence of 
a previous viral infection. 
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_vlridans alone was not associated with purulence 
of the sputum. 
There were two exceptions. One patient 
who showed serological evidence of a recent viral 
infection, produced a purulent sputum with 
numerous neisseriae on culture on the first day. 
Examination of a Gram film showed numerous 
neisseriae many of which were intracellular in 
distribution, indicating an acute neisserial 
infection. This film is illustrated on page 257. 
The second patient also had serological 
evidence of a recent viral infection and very 
purulent sputum. Culture of thisspecimen 
yielded a profuse growth of Street. viridans 
and large numbers of streptococci were observed 
in a smear Stained by Gram's method. 
Mon'l'a and coliform bacill isolated at 
later examinations. 
These organisms were isolated from several 
patients at later examinations, i.e. the fifth 
and tenth days. 
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Monilia from 19 patients 
" 31 ' $act. cold, 
Proteus H 3 + 
Ps. pyocvanea ' 3 
Klebsiella 
" 2 " pneumoniae 
Monilia and 
B ac t. c o li ' 3 I 
Monilia and 
Ps. pyocyanea 1 " 
Monilia and 
Klebsiella 
" 1 pneumoniae 
Three strains of Bact. coli and one strain 
of Ps. pyocyanea were mouse virulent. 
With the exception of Ps. Dvocyanea, the 
growth obtained on culture of these organisms was 
not excessive, and there was generally an assoc- 
iated growth of N. catarrhalis and Street. 
viridans. Ps. pyocyanea grew profusely and in 
pure culture; it was considered of possible 
significance in only one patient. This patient 
who was initially infected with a type 3 pneumo- 
coccus died, and Ps. pyocyanea was isolated from 
tracheostomy specimens in the terminal stages of 
the illness. 
Seasonal incidence (Figure 1 on page 261.) 
This analysis does not indicate the number 
!of cases of pneumonia admittedto hospital, as for 
¡various reasons some patients suffering from 
,pneumonia were not placed in the trial. In 
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addition it cannot be regarded as an indication 
of the number of cases of pneumonia in Edinburgh 
and district during the time of investigation. 
These admissions were dependent on the number 
of empty beds which were available. 
It does give an indication of the distrib- 
ution of organisms throughout the years, although 
the numbers in each group are small. As would 
be expected the highest isolation of pathogenic 
organisms was during the winter months. There 
was a high isolation of rate of pneumococci in 
the Spring of 1960, which is associated with the 
tendency for lobar pneumonia to occur in this 
season. All organisms with the exception of 
pure growths of Haemophilus influenzae were found 
throughout the year. Haemophilus inf'luenzae in 
pure culture was isolated only in the winter 
months. The pneumonias from which no specific 
bacterial agent was isolated occurred throughout 
the year. There did not appear to be a marked 
seasonal incidence of this type of case. 
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Fiure 1 
Seasonal incidence of pneumonias, January i60 
to March 1962. 
Infecting agents e 
Pneumococcus Pneumococcus and H. influenzae 
A. influenzae Staphylococcus aureus 
[1] 
No specific pathogenic bacteria isolated. 
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Factors which influenced the isolation rate of 
pathogenic organisms. 
Comparison of isolation rate of organisms from 
homogenised sputum and untreated s jtum 
Pneumococci 
Sixteen strains of pneumococci out of a total 
of ninety one isolated from the sputum, were 
isolated from the homogenised specimen but were 
not obtained from the untreated specimen of sput- 
um. On no occasion was the organism isolated 
from the untreated specimen and not found in the 
homogenised one. 
Staphylococcus aureus. 
Ten strains out of of seven 
were isolated from the homogenised specimen and 
were not obtained from the untreated one. On 
no occasion was the organism isolated from the 
untreated specimen and not found in the homogenis- 
ed one. 
Klebsiella pneumoniae 
Ail strains of Klebsiella pneumoniae - a 
total of eight were obtained on culture of both 
the homogenised and the untreated specimen. 
Haemoph lus influencae 
There were forty five isolations of Haemo- 
ghl lus influencae from the sputum. 
In this comparison the effect of both 
homogenisation and culture on heated blood agar 
are considered. 
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Isolation from untreated sputum 
Cultured on blood agar 25 
Cultured on heated blood agar 35 
Isolation from homogenised sputum 
Cultured on blood agar 35 
Cultured on heated blood agar 45 
It can been seen that with the exception of 
Klebsiella pneumoniae homogenisation of the 
sputum resulted in a higher isolation rate of 
pathogenic organisms. For the isolation of 
Haemophilus influenzae, culture of homogenised 
sputum on a selective medium was the most effect - 
ive method of isolation of this organism. 
The effect of carbon dioxide on the growth of 
pneumococci. 
The addition of carbon dioxide enhanced the 
growth of all strains of pneumococci which were 
cultured under its influence. 
There were 2 strains out of 92 strains 
isolated from culture of sputum and blood and by 
mouse inoculation which grew only in the presence 
of carbon dioxide. These strains were identified' 
as type 8 and type 3 pneumococci. They were 
mouse virulent and it was observed that the strains 
isolated by animal inoculation required the same 
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cultural conditions. Both patients from whom 
these strains were isolated were classified as 
severe chronic bronchitics. 
The effect of a moist atmosphere on the growth 
of pneumococci. 
Culture in a moist atmosphere was beneficial 
to the growth of pneumococc, the colonies being 
larger and more mucoid in nature. 
Anaerobic culture. 
This was not done as a routine procedure. 
One strain, a type 23 pneumococcus which was seen 
in large numbers in the Gram film, but which did 
not grow on aerobic culture was found to be an 
obligatory anaerobe. 
Comparison of isola.tz on rate of pathogenic organ- 
' sms from sputum and laryngeal swabs. 
These specimens were examined on the first 
and tenth day of the investigation. The results 
have be=en analysed in table 9. 
Table 9. 
Number of pathogens isolated on culture of 
a laryngeal swab but which were not found on 















Number of pathogens isolated on culture of the 
sputum but which were not isolated on culture 










On the tenth day 
Pneumococci 8 strains 
Haemophilus influenzae 6 strains 
Staphylococcus aureus 3 strains 
Klebsiella pneumoniae 4 strains 
It can be seen clearly that culture of 
the sputum was the more effective method of 
isolation of pathogenic bacteria. 
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Forty four strains of pneumococci isolated, 
from sputum were not cultured from laryngeal 
swabs examined on the same day. There were 
also twenty nine strains of Haeriophilus 
influenzae which were found only on culture of 
the sputum. Staphylococcus aureus appeared 
to be missed with amost equal freqency from 
both sputum specimens and laryngeal swabs. 
Although culture of the sputum gave better 
results there were occasions when culture of a 
laryngeal swab was the only effective method of 
isolation of pathogenic organisms. 
Identification of nneumococci by bile sQlubility, 
optochin sensitivity and inulin fermentation. 
Organisms were identified as pneumococci 
when the following criteria were satisfied. 
1. Culture on blood agar; round smooth colonies 
with a raised outer edge. 
2. An agranular growth in serum broth. 
3. Alpha haemolysis on heated blood agar. 
4. Demonstration of capsules. 
a. Before typing sera were available, capsules 
were demonstrated in dry India ink films. 
b. When typing sera were available, by the 
identification of the specific serotype. 
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5. Solubility in bile, using 10/ sodium 
desoxycholate. 
6. Sensitivity to optochin using disks 
impregnated with 14000 solution. 
7. Fermentation of inulin using 1% solution 
of the sugar in Hiss's serum water. 
An association was observed between the 
sensitivity of the pneumococcus to penicillin 
and the possession by the organism of the 
accepted biochemical reactions of bile solubil- 
ity, optochin sensitivity and inulin ferment- 
ation. The sensitivity to penicillin of the 
strains of pneumococci isolated are detailed on 
pages 270i'272. 
It was observed that when the resistance 
ratio to penicillin was one and under the great 
majority of strains possessed the properties of 
bile solubility, optochin sensitivity, and 
inulin fermentation. 
There were a few exceptions and details 
of these are appended. 
Bile Solubility 
Four strains of total of 115 strains 
isolated from blood, sputum and by mouse 
inoculation appeared to be bile insoluble when 
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tested with 10% sodium desoxycholate. In 
all the tests there was some degree of clearing, 
but it was considered these strains could not 
be termed completely bile soluble. 
Optochin sensitivity 
Five strains out of 115 strains isolated 
from blood, sputum and by mouse inoculation 
were optochin resistant. 
Inulin fermentation. 
Seven of the 115 strains isolated from 
blood, sputum and by mouse inoculation failed 
to ferment inulin. 
Four of the above strains lacked the two 
properties of optochin sensitivity and inulin 
fermentation. 
When biochemical reactions of organisms 
morphologically and colonially resembling 
pneumococci, with a penicillin resistance ratio 
of two and over were tested, it was found that 
all such organisms, a total of 33 were insoluble 
in 10% sodium desoxycholate and insensitive to 
optochin. The property of inulin fermentation 
was present in four and absent in the remaining 
twenty nine strains. 
Examination of Leishman film. 
536 films were examined. Six films of 
2 %9 
sputum from pneumonia on the first day showed 
an excess of eosinophils. In these cases 
films of sputum obtained during the later 
examinations did not show an excess of eosin - 
ophils. 
Antibiotic sensitivity 
The method used was the plate dilution 
method. The medium employed was heated blood 
agar. As the control organism, a standard 
sensitive strain of Staphylococcus aureus was 
used. Both the control organism and the test 
organisms were incubated at 37 °C overnight 
in broth and used undiluted. The inoculated 
plates were incubated at 37 °C overnight. 
The results were expressed as a resistance 
ratio, that it the relationship of the end 
point of the test strain to the end point of 
the control strain which is - 
end point of test strain 
end point of control strain 
The organisms studied have been divided 
into three groups 
(1) those isolated from sputum and laryngeal 
swabs 
(2) those isolated by mouse inoculation and 
(3) those isolated by culture of the blood. 
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Pneumococci 
Sensitivity to penicillin 
The standard sensitive Staphylococcus 
aureus was inhibited by a concentration of 
penicillin which ranged from 0.12 to 0.25 units 
per ml. 
Pneumococci isolated by direct culture of 
sputum or lar_ynge al swabs 
10. 










18c under 2 4 8 & over 
54 3 0 4 
9 1 4 1 
2 0 2 2 
6 0 1 6 
It can be seen that most of the strains 
isolated on the first and second days had a ratio 
of one and under. Seven strains were isolated on 
the first day which had a ratio of two and over 
and in four of these the ratio was eight and over. 
Strains with this ratio were isolated on the 
second, fifth and tenth days. The largest 
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number of strains with the greatest degree of 
resistance were found on the tenth day. Not all 
the strains isolated on the fifth and tenth days 
had ratios which suggested resistance to the 
drug; eight of the nineteen strains isolated on 
these days had a ratio of one or under. 
Pneumococci isolated by inoculation of mice, 
with sputum. 








1 & under 2 4 8 & over 
30 2 2 
5 1 1 
1 
1 
It can be seen that most of the strains 
isolated had a ratio of under one or two. Six 
strains were isolated with a ratio of four and 
over. Two of these were found on the first day 
of examination and four on the second, fifth and 
tenth days. 
272 
Pneumococci isolated from the blood. 
Ten strains of pneumococci were cultured . 
from the blood. Nine of these gave a ratio of 
one or under. The remaining strain which was a 
type 3 pneumococcus, gave a ratio of over eight. 
Sensitivity to tetra cycline 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of tetracycline 
which ranged from 2 to 4 mcg per ml. 
Pneumococci isolated by direct culture of sputum 
or laryngeal swabs. 









1 &under 2 4 8 
. --- 
8 3 4 
1 4 1 
4 3 6 
Fifty nine strains had a ratio of one or 
under, twelve a ratio of 2, twenty three a ratio 
of four and one a ratio of eight. Apart from 
the strain isolated on the fifth day, with a ratio 
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of eight, there was not an obvious trend for 
strains with a high ratio to be found at later 
examination. 
Pneumococci isolated by mouse inoculation 








1 & under 2 4 8 & over 




There were thirty seven strains with a 
ratio of one or under, four with a ratio of two 
and two with a ratio of four. The one strain 
isolated on the tenth day had a ratio of four. 
Pneumococci isolated from blood 
Ten strains of pneumococci were cultured 
from the blood. Nine had a resistance ratio of 
one or under and one a resistance ratio of four. 
This last strain was a type 3 pneumococcus. 
It was possible to identify the pneumococcal 
type of eight strains which had a ratio of four 
or over. 
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Sensitivity tQ streptomycin 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of streptomycin 
which ranged from 2 to 4mcg. per ml. 
Pneumococci isolated by d'rect culture of sputum 
or laryngeal swabs. 










1 2 4 8 &over 
21 8 2 30 
if 0 0 11 
0 0 2 4 
o o 0 15 
Thirty three strains had a resistance ratio 
of two and under. Sixty four strains had a 
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resistance ratio of four or over. Of these, 
thirty two were isolated on the first day, and 
eleven on the second day. All twenty one strains 
isolated on the fifth and tenth days had a 
resistance ratio of four or over. 
Pneumococci isolated by mouse inoculation 









1 2 4 8&over 
13 3 0 18 
4 0 0 3 
0 0 1 0 
0 0 0 1 
There were twenty three strains with a 
resistance ratio of four and over and twenty with 
a resistance ratio of two and under. Of the 
strains isolated on the first and second day, 
approximately half had a resistance ratio of two 
or under, and half a resistance ratio of eight 
or over. Two strains were isolated on the fifth 
and tenth days. They had resistance ratios of 
four and eight respectively. 
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Pneumococci isolated fro blood 
Ten strains of pneumococci were cultured 
from the blood. Five had a resistance ratio of 
one or under, and five a resistance ratio of eight 
or over. 
There was a varied distribution of pneumo- 
coccal types which showed resistance to strepto- 
mycin. 
Four of the strains isolated from the blood 
were identified. These were two type 3, one type 
23 and one type 14. Streptomycin resistant 
strains isolated from the sputum were as follows. 
One type 3, one type 11, one type 12, one type 20, 
one type 21,ene type 32 and one type 35. 
With the exception of the type 14 and type 23 
pneumococci, all strains isolated from the blood 
were also found in the sputum and all were resist 
and to streptomycin. 
Chloramphenicol 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of chlorampheni- 
col of 8 meg per ml. 
All strains of pneu ocpocci isolated during 
the trial were sensitive to chloramp.henicol with 
ratios of under one. 
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Staphylococcus aureus 
SensitivttY to penicillin 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of penicillin 
which ranged from 0.12 to 0.25 units per I. 
Staphylococcus aureus isolated by 
direct culture of sputum or laryngeal swab. 








l& under 2 4 ß& over -
9 1 19 
9 1 13 





The organisms were in two main groups, a 
larger group where the resistance ratio was eight 
and over, and a smaller group where the ratio 
was two and under. 62% of the strains isolated 
on the first and second days had a ratio of eight 
and over. Nineteen of the thirty two strains 
isolated on the fifth and tenth days which had a 
ratio of eight or over, were isolated for the 
first time on these days of examination. This 
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might be considered as evidence of spread of 
penicillin resistant strains in the hospital 
environment. As phage typing of staphylococci 
was not undertaken and nasal swabbing not perform - 
ed, the source and spread of these organisms in 
this investigation cannot be accurately determined. 
Staphylococcus.aureus isolated by mouse 
inoculation 
Five strains were isolated. Ttiro were 
isolated on the first day, two on the second 
day, and one on the tenth day. All strains had 
a resistance ratio of eight or over. 
Sensitivity to tetracycline 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of tetracycline 
which ranged from 2 to 4 mcg per ml. 
Staphylococcus aureus isolated by direct 
culture of sputum or laryngeal swab. 
The results have been summarised in table 17. 
Table 17 
Resistance ratios 






17 3 9 
9 5 9 
3 1 10 
5 2 11+ 
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Forty five strains had a resistance ratio of 
two or under and forty two a resistance ratio of 
eight or over. There was a tendency for higher 
resistance ratios to be associated with the later 
examinations. Of thirty five strains isolated 
on the fifth and tenth days, twenty f -ur had a 
resistance ratio of eight or over and this includ- 
ed nineteen strains isolated for the first time on 
these days. 
Staphylococcus aureus isolated by mouse 
inoculation. 












Five strains were isolated by mouse inocul- 
ation. Three isolated on the first and second 
day had a resistance ratio of one or under. Two 
strains isolated on the second and tenth days had 
resistance ratios of eight or over. 
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Sensitivity to streptomycin 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of streptomycin 
which ranged from 2 to 4 mcg per ml. 
Staphylococcus aureus isolated by direct 
culture of sputum or laryngeal swabs. 









1 & under 2 4 8 & over 
19 3 7 
11 1 11 
3 1 10 
5 2 14 
There were two groups of organisms, those 
with a resistance ratio of two and under and 
those with a resistance ratio of eight and over. 
There were thirty eight in the first group and 
forty two in the second group. There was a 
tendency for organisms isolated on the fifth and 
tenth days to have an increased resistance ratio. 
Of thirty five strains isolated on these days 
twenty four had a resistance ratio of eight or 
over, and this included nineteen strains isolated 
for the first time on these days. 
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Staphylococcus aureu,g,,,j,solated by mouse inocula- 
tion. 
Five strains were isolated. Three had a 
resistance ratio of one or under. Two of these 
were isolated on the first day and one on the 
second day. Two strains had a resistance ratio 
of eight or over. One was isolated on the 
second day and one on the tenth day. 
Sensitivity to chloramphen' cal 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of chloramphen- 
icol of 8 mcg. per ml. 
All strains of Staphylococcus aureus isolated 
during the trial had resistance ratios of under 
one. 
Sensitivity to novobiocin 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of novobiocin of 
2 mcg. per ml. 
All strains of Staphylococcus aureus isolated 
during the trial had resistance ratios of under 
one. 
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Sensitivity to eexV.thnomytjn 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of er}rthro.mycin 
of 0.12 mcg. per ml. 
With the exception of one, all strains of 
Staphylococcus aureus isolated during the trial 
had resistance ratios of one and under one. 
The strain which showed increased resistance 
was isolated on the twelth day from the sputum 
of a patient with a staphylococcal pneumonia 
treated with erythromycin. Strains which were 
inhibited by a concentration of 0.12 mcg. per ml. 
were isolated on the first, second, fifth and 
tenth days. The inhibitory concentration of the 
drug for the organism isolated on the twelfth 
day was 8 mcg. per ml. and this level remained 
at subsequent examinations. 
Haemophilus influenzae 
Sensitivity to penicillin 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of penicillin 
ranging from 0.12 to 0.25 units per ml. 
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Haemophilus influenzaej.solated by direct 
culture of sputum or laryngeal swabs. 


















It can be seen that most of the strains of 
Haemoh' us ' nfluenzae isolated had a high re- 
sistance ratio. There was also a group of organ - 
sms highly sensitive to penicillin. With the 
xception of one strain these were isolated on the 
irst day. The strain isolated on the tenth day 
as obtained from a patient from whom there had been 
rio previous isolation of Haemophilus influenzae. 
live of these strains were inhibited by a concentr- 
ation of 0.03 units per ml. and seven by a concept 
f'ation of 0.06 units per ml. As all strains of 
Haemophilus influenzae isolated were unencapsulated 
this degree of sensitivity is an unusual finding. 
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_H..emophiius, influenzae isolated by mouse 
inocu ation. 
Three strains were isolated by mouse 
inoculation. Two had a resistance ratio of eight 
and over and were cultured on the first and second 
day. One strain isolated on the first day had 
a ratio of under one. The inhibitory concentra- 
tion of penicillin was 0.03 units per ml. 
Sensitivity to tetracycline. 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of tetracycline 
which ranged from 2 to 4 mcg. per ml. 
Haemophilus influ ne zae isolated by direct 
culture of sputum and laryngeal swabs. 









1 & under 2 4 8 & over 
21 7 1 1 
7 1 1 1 
2 0 0 0 
7 0 0 0 
It can be seen that most of the strains, 
thirty seven, had a resistance ratio of one or 
under. Eight organisms had a resistance ratio 
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of two, two a ratio of four, and two a ratio of 
eight. The organisms with the higher resistance 
ratios were isolated on the first and second days. 
Strains isolated on the fifth and tenth days had 
resistance ratios of one or under. 
Haemophilus influenzae isolated by mouse 
inoculation. 
Three strains were isolsted, two on the first 
day and one on the second day. All had resistance 
ratios of one or under. 
Sensitivity to streptomycin 
The standard sensitive Staphylococcus aureus 
was inhibited by a concentration of streptomycin 
which ranged from 2 to 4 mcg per ml. 
Haemonhilus influenzae isolated by direct 
culture of sputum and laryngeal swabs. 








1 & under 2 4 8 & over 
26 1 2 1 
9 o 0 1 
2 0 0 0 
5 0 0 2 
286 
Most of the strains, forty two hay& a 
resistance ratio of one or under. Four strai 
had a resistance ratio of eight and over. 
Although two of these were found on the tenth day 
the majority of organisms isolated on this day had 
a ratio of one or under. 
Haemopha,lus influenzae insolated by mouse 
inoculation. 
Three strains were isolated, two o the first 
day and one on the second day. All had resist- 
ance ratios of one or under. 
Chloramphenicol 
All strains isolated were sensitive with 
ratios of under one. 
There were four additional strains of 
Haemophilus influenzae isolated from sputum which 
were not tested by the plate dilution method as 
the cultures died out before this was dote. These 
strains were isolated on the fifth day and the 
disk sensitivities of all strains were - penicillin 
resistant, streptomycin sensitive, tetracycline 
sensitive and chloramphenical sensitive. 
Klebsiella pneumoniae 
Klebsiella pneumoniae isolated by direct 
culture of sputum and laryngeal swabs. 
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Sensitivity to penicillin 
Ten strains were tested. All were resist- 
ant to penicillin. The inhibitory concentrat- 
ion for all strains was greater than 8 units 
per ml. 
Tetracycline 
The standard Staphylococcus aureus was 
inhibited by a concentration of tetracycline 
which ranged from 2 to 4 mcg. per ml. 














No marked variation in the sensitivity of 
the strains to tetracycline->was observed. The 
majority had a ratio of four. 
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Streptomycin 
The inhibitory concentration of the stand- 
ard Staphylococcus aureus was from 2 to 4 mcg. per 
ml. 






5t h examination 
10th 





With one exception all the strains were 
sensitive to streptomycin. The resistant strain 
as inhibited by a concentration greater than 128 
cg. per ml. which was very high when compared wit 
nhibitory concentrations of 1 and 2 mcg per ml. 
ournd in the sensitive strains. 
Chloramphenicol 
The standard sensitive Staphylococcus aureus 
Was inhibited by 8 mcg. per ml. 











2 4 8 
3 
1 
1 1 1 
1 1 1 
Most of the strains had a resistance ratio 
of under one or two. Of the strains with a 
higher resistance ratio one was considered as 
definitely resistant, as the inhibitory concent- 
ration of chloramphenicol was greater than 128 
mcg per ml. This strain was isolated on the 
tenth day. 
Mouse inoculation 
One strain was mouse virulent. It was 
isolated at the fifth day examination. 
The inhibitory concentrations of the drugs 
were 
Penicillin greater than 8 units per ml. 
Tetracycline 16 mcg. per ml. 
Streptomycin IF mcg. per ml. 
Chloramphenicol 8mcg. per ml. 
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Increase in resistance to antibiotics 
observed in organisms isolated on more than one 
occasion. 
Increase in resistance to penicillin by pneumo- 
cocci. 
As the pneumococcus in an organism which is 
considered to be extremely sensitive to the actioxi 
of penicillin, an unusual and unexpected finding 
in the present investigation was the presence of 
some strains which showed resistance to this 
antibiotic. 
On blood agar, penicillin resistant pneumo- 
cocci grew as round flat colonies with a raised 
outer edge, and alpha haemolysis was produced on 
heated blood agar. In broth the growth was 
agranular. Films of the organisms stained with 
India ink showed the presence of capsules. The 
presence of capsules was also demonstrated by 
type specific sera when these became available. 
They were bile insoluble and optochin re- 
sistant. A few strains fermented inulin. 
Organisms with these characteristics were 
inhibited by concentrations of penicillin ranging 
from 0.5 to 8 units per ml. 
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Penicillin resistance in pneumococci occurr- 
ed as 
(1) Primary resistance 
(2) Acquired resistance 
Primary resistance 
This was regarded as an increased resistance 
to penicillin in pneumococci isolated at the 
start of the pneumonia where there was no evid- 
ence of previous treatment with the drug. 
In sensitive strains of pneumococci the 
inhibitory concentration of penicillin was from 
0.015 to 0.25 units per ml. 
Pneumococci showing primary resistance have 
been divided into two groups. 
1. Pneumococci isolated before mouse inoculation 
was performed and typing serum was available. 
2. Pneumococci isolated when these tests were 
performed. 
There were two patients in group 1 and four 
patients in group 2. Relevant details of these 
cases are appended. 
Group 1 
1. Male patient aged 82 years with a severe 
infection treated with penicillin and strepto- 
mycin. Pneumococci inhibited by a concentration 
of penicillin of o.5 units per ml. were isolated 
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on the first day. On the second day pneumo- 
cocci inhibited by a concentration of 1.0 units 
per ml. were isolated. The inhibitory concent- 
ration of streptomycin was 8 mcg. per ml. on the 
first day and 16 mcg. per ml. on the second day. 
Radiological clearing was normal and clinical 
response was satisfactory. 
2. Male patient aged 58 years with a moderate 
infection treated with penicillin and strepto- 
mycin. Pneumococci inhibited by a concentration 
of penicillin of 4 units per ml. were isolated 
on the first day. The inhibitory concentration 
of streptomycin was 16 mcg. per ml. The only 
other specimen examined was on the tenth day and 
this was negative. Radiological clearing was 
considered to be slow. Clinical response was 
satisfactory. 
Group 2. 
There were four patients in this group. 
1. Male patient aged 60 years with a severe 
infection. A type 3 mouse virulent pneumococcus 
inhibited by 4 units of penicillin per ml. was 
isolated on the first day. Blood culture also 
yielded a growth of type 3 pneumococci which were 
inhibited by 4 units of penicillin per ml. No 
further specimens were received as the patient 
died 12 hours after admission. Treatment was 
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Culture of type 3 pneumococcus isolated from 
blood of patient with severe lobar pneumonia. 
The organism was bile insoluble, optochin resistant 
and fermented inulin. The inhibitory 
concentration of penicillin was 4 units per ml. 












with antibiotics other than penicillin and strept- 
omycin. The organism isolated by blood culture 
is illustrated on page293. 
2. Female aged 30 years with a moderate illness 
treated with penicillin. A type 8 pneumococcus 
was isolated by mouse inoculation on the first 
day. It was not isolated by direct culture of 
the sputum. The organism was inhibited by 0.5 
units per ml. of penicillin. Examination of the 
sputum on the second, fifth, and tenth days was 
negative. Radiological clearing was normal and 
the clinical response was satisfactory. 
3. Female aged 46 years with a moderate infect- 
ion treated with penicillin. A mouse virulent 
type 32 pneumococcus was isolated from the sputum 
on the first day. The inhibitory concentration 
of penicillin was 0.5 units per ml. No specimen 
was received on the second day. On the fifth day 
a type 32 pneumococcus inhibited by 1.0 units 
of penicillin per ml. but which was not mouse 
virulent was isolated. Radiological clearing was 
normal and the clinical response was satisfactory. 
4. Female aged 33 years with a moderate illness 
treated with penicillin. A type 3 pneumococcus 
was isolated by mouse inoculation on the first 
day. It was not isolated by direct culture of 
the sputum. The inhibitory concentration of 
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penicillin was 4 units per ml. Bacteriological 
examinations of the sputum on the second, fifth, 
and tenth days were negative. Radiological 
clearing was considered slow and the clinical 
response satisfactory. 
The number of cases is too small for the 
results to be of statistical significance. With 
this in mind the following observations were made. 
(1) There seemed to be a relationship between 
a high inhibitory concentration of penicillin and 
a delayed radiological clearing 
(2) Type 3 pneumococcal infections appeared to 
adversely affect the progress of the patient. 
(a) One patient with this infection died and 
(b) the other had a delayed radiological clearing. 
(3) The inhibitory concentration of penicillin 
was higher when the infecting type was type 3, 
as compared with the level attained with the 
other two types (32 and 8) identified. 
Acquired resistance 
In all but one case this was regarded as 
an increased resistance to penicillin in strains 
of pneumococci isolated during later examinations 
when pneumococci isolated on the first day of the 
pneumonia were sensitive to the action of the 
drug. One case was placed in this group as there 
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was a recent history of infection with a penicill- 
sensitive pneumococcus which was treated with 
penicillin. 
The cases have been divided into two groups. 
1. Pneumococci isolated before mouse inoculation 
was performed and typing serum was available. 
2. Pneumococci isolated when these tests were 
performed. 
Group 1 
The inhibitory concentrations of penicillin 
in units per ml. on the several days of examin- 
ation have been tabulated below. 
'0' signifies that no Pneumococci were isolated 
on these days, ' -' signifies that no specimen was 
received. 
Patient age 1st day 2nd day 5th day l0thday 
1 66 .06 o 1 2 
2 33 0015 o 0.5 o 
3 71 .03 .06 o 2 
4 59 .015 o o 2 
5 56 o 0.12 0 1 
6 23 .012 0.12 0 8 
7 61 .o6 1.o o o 
8 64 .12 1.0 0 0 
9 75 .06 0.5 o 
o 
10 65 2 0 
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Further relevant details of these patients 
are appended. 
Patient 1. 
Female aged 66 years with a moderate infect- 
ion treated with penicillin. The clinical re- 
sponse was satisfactory and the rate of radio- 
logical clearing was normal. 
Patient 2. 
Male aged 33 years with a severe infection 
treated with penicillin and streptomycin. The 
inhibitory concentration of streptomycin was 16 
mcg. per ml. on the first day and 128 mcg. per ml. 
on the fifth day. The clinical response was 
satisfactory and the rate of radiological clearing 
was slow. 
Patient 3. 
Male aged 71 years with a moderate infection 
treated with penicillin. Clinical response was 
satisfactory and the rate of radiological clearing 
was slow. 
Patient 4. 
Male patient aged 59 years with a severe 
infection treated with penicillin. The clinical 
response was satisfactory and the rate of radio- 
logical clearing was normal. 
298 
Patient 5 
Male patient aged 56 years with a moderate 
infection treated with penicillin. Clinical 
response was satisfactory and the rate of radio- 
logical clearing was normal. 
Patient 6 
Female aged 23 years with a moderate infections 
treated with penicillin. Clinical response was 
satisfactory and the rate of radiological clearing 
was normal. 
Patient 7 
Male aged 61 years with a moderate infection 
treated with penicillin. Clinical resp -'nse was 
satisfactory and the rate of radiological clearing 
was slow. 
Patient 8 
Male aged 6+ years with a moderate infection 
treated with penicillin. Clinical response was 
satisfactory and the rate of radiological clearing 
was normal. 
Patient 9 
Male aged 75 years with a severe infection 
treated with penicillin. Clinical response was 
satisfactory and the rate of radiological clearin 
was normal. 
Patient 10. 
Male aged 65 years. Six weeks previously 
he was admitted to another hospital with pneumo- 
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coccal pneumonia which was treated with penicillir. 
On discharge after three weeks in hospital, the 
X ray examination was satisfactory. He was 
admitted to the City Hospital with dyspnoea, 
cyanosis, an elevated temperature (101 °F) and 
E.S.R. of 36 m.m. per hour. The diagnosis then 
was severe broncho pneumonia and the treatment 
given was penicillin and streptomycin. He died 
24 hours after admission. At autopsy there was 
histological evidence of a reticulum -cell sarcoma 
involving mainly the bone marrow. Primitive 
cells were observed in the blood vessels of the 
alveoli. There was also evidence of broncho 
pneumonia and chronic bronchitis. 
When the first nine patients were considered, 
there was no apparent association between the age 
of the patients, the severity of the illness, 
the radiological clearing rate and the level of 
the inhibitory concentration of penicillin. 
However as serological typing was not undertaken 
it cannot be assumed that the organisms isolated 
in the later stages were the same strains as those 
isolated at the start of the illness. 
In the 10th case there was evidence, assuming 
the inf ecting strain of pneumococcus was the same 
as that isolated previously, that resistance had 
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developed during the course of treatment. As 
this case is complicated by the presence of 
chronic bronchitis, a reticulum cell sarcoma 
and acute infection, it is difficult to assess 
which condition was primarily responsible for 
the suddenness of his death 24 hours after 
admission. 
Grout) 2 
There were four patients in this group. 
The inhibitory concentrations of penicillin, 
in units per ml. on the several days of examin- 
ation have been tabulated below. 
'0' signifies that no pneumococci were isolated 
on these days. 














2 59 0.25 2.0 0 0 
3 49 0.25 0.12 0 1.0 " 
4 56 0.03 0.5 0.5 0 3 
Further relevant details of these patients 
are appended. 
Patient 1 
Male aged 21 years with a moderate infection 
treated with penicillin. Clinical response was 
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satisfactory and the rate of radiological 
clearing was normal. The organism isolated on 
the 10th day was not mouse virulent. 
Patient 2. 
Male aged 59 years with a moderate infection 
treated with penicillin. Clinical response was 
satisfactory and the rate of radiological clear - 
ing was normal. Both organisms were mouse 
virulent. 
Patient 3. 
Male aged 49 years with a moderate infection, 
treated with penicillin. Clinical response was 
satisfactory and the rate of radiological clear - 
i 
ing was slow. In addition to the three strains 
listed above, an extra sputum examination was 
done on the third day when a mouse virulent 
pneumococcus with an inhibitory concentration of 
1 unit per ml. was isolated. All organisms 
isolated from this patient were mouse virulent. 
Patient 4. 
Male aged 56 years with a moderate infection 
treated with penicillin. Clinical response 
was satisfactory and the rate of radiological 
clearing was slow. All three strains were 
identified as type 3 pneumococci and all were 
mouse virulent. 
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All patients were under 60 years of age 
and suffered a moderate illness. Radiological 
clearing was slow in two cases but there did not 
appear to be an association between this and 
the age of the patient or the level of the 
inhibitory concentration of penicillin. 
It was possible to type only one strain 
(type 3) therefore it is not known if the organ- 
isms isolated at later examinations were the same 
as those isolated at the start of the illness. 
It can be seen that the radiological clear- 
ing in the case infected with the type 3 pneumo- 
coccus was delayed, a finding which was present 
in one case infected with this type where the 
resistance was primary. 
Gram - positive diplococct which were peni '11 
resistant. 
In addition to the pneumococci with an 
increased resistance to penicillin which were 
morphologically and colonially typical, there 
were observed in certain patients small Gram - 
positive diplococci which were resistant to 
penicillin and avirulent to mice. They were 
isolated from the sputum in the later stages of 
pneumococcal infections. The colonies were small. 
with alpha haemolysis and had a raised outer edge. 
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In broth the culture was slow growing and 
agranular. They were bile insoluble, optochin 
insensitive, and usually fermented inulin. 
As it was considered these organisms might 
be related to the pneumococcus, it was decided 
to explore the possibility of reversing them to 
capsulated pneumococci. 
In the early stages of the trial, passage 
experiments using the intraperitoneal route had 
not been successful in restoring virulence to 
avirulent pneumococci. In view of this failure 
which may have been influenced by the use of 
18 hour cultures, as these are frequently less 
mouse virulent than 6 hour cultures, (Cruick- 
shank 1933), it was decided to employ subcutan- 
eous inoculation. The methods used were those 
of Griffith (1928) who had been successful in 
reversing rough strains of pneumococci into 
smooth capsulated strains. 
Material and methods. 
The avirulent cultures referred to in these 
experiments were the small Gram- positive mouse 
avirulent acapsulated diplococci isolated from 
the sputum of certain patients with pneumococcal 
pneumonia on the 5th or 10th day of the illness. 
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The virulent cultures referred to were 
freshly isolated, virulent, type specific, 
cultures of pneumococci which were sensitive 
to penicillin. They were not obtained from 
the patients from whom the avirulent cultures 
were isolated. 
Two groups of experiments were carried out. 
In the first group the deposit of 50m1. 
of an avirulent culture was inoculated subcutan- 
eously in a mouse. The site of inoculation 
was the root of the tail. A control was made 
by inoculating 0.5 ml. of the culture intra- 
peritoneally in another animal. 
In the second group of experiments the 
killed deposit of 50 ml. of a virulent pneumo- 
coecal culture was inoculated together with 
0.5ml. of a live avirulent culture. 
The virulent culture was killed by heating 
the deposit at 60 °C for 30 minutes. 
Controls were made as follows. 
1. The killed culture was tested for sterility 
by inoculating on blood agar. 
2. The killed culture only was inoculated 
subcutaneously. 
3. The avirulent culture was inoculated alone 
both subcutaneously and intraperitoneally. 
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The site of inoculation was the root of 
the tail. 
These experiments and the results obtained 
have been summarised in tables 26 and 27 and are 
given in detail below. 
In the group where the inoculum was the 
deposit of 50m1. of avirulent penicillin resist- 
ant culture, seven experiments were performed. 
In one of these a type specific penicillin re- 
sistant pneumococcus was recovered. The details 
of the experiments are given below, and are 
summarised on table 26. 
Experiment 1. 
The patient in this experiment was a female 
aged 66 years with a severe pneumococcal pneum- 
onia where a type 3 pneumococcus sensitive to 
penicillin (minimum inhibitory concentration of 
penicillin 0.03 units per ml.), was isolated on 
the first day. The avirulent culture was isol- 
ated on the fifth day from the sputum and was 
inhibited by a concentration of penicillin of 
8 units per ml. 
Three days after inoculation with the aviru- 
lent culture, a pustular lesion a-)peared at the 
site of inoculation. The pus was cultured in 
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serum broth when Gram positive diplococci which 
were not typable were seen. 0.5 ml. of this 
culture inoculated intraperitoneally in a mouse 
caused death in 18 hours. Morphologically 
typical pneumococci were isolated from the heart 
blood, pleural fluid and peritoneal fluid. These 
organisms were bile insoluble, optochin resistant 
and fermented inulin. The growth in serum broth 
was cloudy and agranular. There was capsule 
swelling with type 3 serum. The inhibitory 
concentration of penicillin was 8 units per ml. 
Details of the remaining experiments are 
given 
Experiment 2. 
The avirulent culture was inhibited by 
a concentration of 8 units per ml. It was 
isolated from the sputum of the patient described 
in experiment 1, on the tenth day of the pneu- 
monia. 
Three days after inoculation with the 
avirulent culture, a pustular lesion appeared at 
the site of inoculation. Gram -positive diplococci 
and Gram -negative bacilli were seen in a film 
of the pus. Culture of the pus yielded a growth 
307 
of Proteus. It was considered that this was 
possibly the result of contamination from the 
site of inoculation. 
Experiment '1 
The avirulent culture was inhibited by a 
concentration of penicillin of 8 units per ml. 
It was isolated from the sputum on the tenth day 
from a patient with pneumococcal pneumonia from 
whom a type 9 pneumococcus sensitive to penicillin 
(minimum inhibitory concentration of penicillin 
of 0.03 units per ml) was isolated on the first 
day of the pneumonia. No lesion was observed 
at the site of inoculation. 
Experiment 4, 
The avirulent culture was inhibited by 
a concentration of penicillin of 4 units per ml. 
It was isolated from the sputum on the fifth 
day from a patient with pneumococcal pneumonia 
from whom a type 4 pneumococcus sensitive to 
penicillin (minimum inhibitory concentration of 
penicillin was 0.03 units per ml) was isolated 
on the first day of the pneumonia. No lesion 
was observed at the site of inoculation. 
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Exp er immtt 5 
The avirulent culture was inhibited by a 
concentration of penicillin of 4 units per ml. 
and was isolated from the sputum on the fifth 
day from a patient with pneumococcal pneumonia, 
from whom a type 32 pneumococcus inhibited by a 
concentration of penicillin of 0.015 units per ml . 
was isolated on the first day. Three days after 
inoculation, a pustular lesion appeared at the 
site of inoculation. The pus was cultured in 
serum broth for 18 hours when Gram -positive 
diplococci which were not typable were seen. 
0.5ml. of this culture inoculated intraperiton- 
eally in a mouse was found to be avirulent. 
No growth was obtained on culture of the peri- 
toneal washings and heart blood. Subcutaneous 
inoculation of the deposit of 50m1. of this 
culture in a mouse did not produce a lesion. 
Experiment 6 
The avirulent culture was inhibited by a 
concentration of penicillin of 4 units per ml. 
It was isolated on the fifth day from the sputum 
of a patient with pneumococcul pneumonia from 
whom a type 35 pneumococci were isolated on the 
first day of the pneumonia. These were penicill- 
in sensitive, being inhibited by a concentration 
309 
of 0.03 units per ml. No lesion was observed 
at the site of inoculation. 
ExnerimenLI 
The avirulent culture was inhibited by a 
concentration of 4 units per ml. It was 
isolated from the sputum on the fifth day from a 
patient with a pneumococcal pneumonia from whom 
a type 20 pneumococcas sensitive to penicillin 
(minimum inhibitory concentration of penicillin 
was 0.015 units per ml) was isolated on the 
first day. No lesion was observed at the site 
of inoculation. 
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In the second group of experiments the 
inoculum was the deposit of 50m1. of killed 
virulent culture combined with 0.5ml. of a live 
avirulent culture. 
The results of the experiments have been 
summarised on table 27. The details are given 
below. 
Experiment 8 
The avirulent culture was isolated from the 
sputum of a female patient aged 66 years on the 
fifth day of the illness. The organism was 
inhibited by a concentration of penicillin of 
8 units per ml. A type 3 penicillin sensitive 
pneumococcus (minimum inhibitory concentration 
of penicillin was 0.03 units per ml.) was isolated 
on the first day of the pneumonia. 
The virulent culture was a type 3 pneumo- 
coccus isolated from another patient. 
Four days after inoculation a pustular 
lesion appeared at the site of inoculation. 
The pus was cultured in serum broth when Gran- 
positive diplococci which were not typable were 
observed. 0.5ml. of this culture inoculated 
intr aperitone ally in a mouse caused death in 18 
hours. Morphologically typical pneumococci were, 
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Culture of Gram positive diplococcus 
isolated from the sputum of a patient with 
pneumonia on the tenth day of the illness. The 
organism was bile insoluble, optochin insensitive, 
acapsular, fermented inulin and was mouse 
avirulent. The inhibitory concentration of 
penicillin was 8 units per ml. 
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isolated from the heart blood. They were bile 
insoluble, optochin resistant and fermented 
inulin. In broth the growth was cloudy and 
agranular. The inhibitory concentration of 
penicillin was 8 units per ml. There was cap- 
sule swelling with type 3 serum. The avirulent 
organism isolated from this patient is illustrat- 
ed on page 311 
Experiment 9 
The avirulent culture was isolated from the 
sputum of a female patient aged 75 years on the 
tenth day of the illness. The organism was 
inhibited by a concentration of 8 units per ml. 
A type 23 pneumococcus sensitive to penicillin 
(minimum inhibitory concentration of penicillin 
was 0.03 units per ml.) was isolated from the 
blood on the first day of the illness. In this 
case no sputum specimen was available on this 
day and culture of a laryngeal swab was negative. 
The virulent culture was a type 23 pneumo- 
coccus isolated from another patient. 
Four days after inoculation, a pustular 
lesion appeared at the site of inoculation. The 
pus was cultured in serum broth when Gram- positivé 
diplococci which were not typable were observed. 
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0o5m1 of this culture when inoculated 
intraperitoneally in a mouse caused death in 18 
hours. Morphologically typical pneumococci were 
isolated from the heart blood. They were bile 
insoluble, optochin insensitive, and fermented 
inulin. In broth the growth was cloudy and 
agranular. The inhibitory concentration of 
penicillin was 8 units per ml. There was capsul 
swelling with type 23 serum. 
Experiment 10 
The avirúlent culture was isolated from the 
sputum of a female patient aged 50 years, on the 
tenth day of the pneumonia. The organism was 
inhibited by a concentration of penicillin of 8 
units per ml. A type 23 pneumococcus inhibited 
by a concentration of 0.03 units per ml. was 
isolated from the sputum on the first day of the 
pneumonia. 
The virulent culture was a type 8 pneumo- 
coccus isolated from another patient. 
Four days after inoculation, a pustular 
lesion appeared at the site of inoculation. The 
pus was cultured in serum broth for 18 hours when 
314 
Gram- positive diplococci which were not typable 
were seen. 0.5m1. of this culture inoculated 
intraperitoneally in a mouse was avirulent to 
the animal and the mouse was killed after three 
days. Culture of the peritoneal washings and 
heart blood was sterile. 0.5ml. of the peri- 
toneal washings was inoculated intraperitoneally 
in another mouse and proved to be avirulent. 
The peritoneal washings were inoculated in another 
animal with the same negative result. This 
procedure was repeated with four further mice. 
No growth was obtained from the peritoneal wash- 
ings or heart blood of these animals. 
Experiment 11. 
The avirulent culture was isolated from the 
sputum of a male patient aged 36 years on the 
tenth day of the pneumonia. The organism was 
inhibited by 8 units per ml. of penicillin. A 
type 4 pneumococcus inhibited by 0.03 units per 
ml. of penicillin was isolated from the sputum 
on the first day of the illness. 
The virulent culture was a type 4 pneumo- 
coccus isolated from another patient. 
Three days after inoculation a pustular 
lesion appeared at the site of inoculation. 
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The pus was cultured in serum broth for 18 
hours when Gram -positive diplococci which were 
not typable were seen. 0.5m1. of this culture 
inoculated intraperitoneally in a mouse was 
avirulent to the animal and the mouse was killed 
after three days. Culture of the peritoneal 
washings and heart blood was sterile. 0.5ml. 
of the peritoneal washings was inoculated intra- 
peritone ally in another mouse and proved to be 
avirulent and sterile. The peritoneal washings 
were inoculated in another mouse with the same 
negative results. This procedure was repeated 
with four further mice. No growth was obtained 
from the peritoneal washings or heart blood of 
these animals. 
Experiment 12. 
The avirulent culture was isolated from 
the sputum of a male aged 82 years on the tenth 
day of the illness. The organism was inhibited 
by 8 units per ml. of penicillin. A type 9 
pneumococcus penicillin sensitive (minimum 
inhibitory concentration of penicillin was 
0.03 units per ml.) was isolated on the first 
day of the pneumonia. 
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The virulent culture was a type 20 pneumo- 
coccus isolated from another patient. 
No lesion was observed at the site of 
inoculation. 
Experiment 11 
The avirulent culture was isolated from the 
sputum of a male patient aged 55 years on the 
tenth day of the pneumonia. The organism was 
inhibited by 8 units per ml. of penicillin. 
A type 1 penicillin sensitive pneumococcus was 
isolated on the first day of the illness. The 
inhibitory concentration of penicillin was 0.03 
units per ml. 
The virulent culture was a type 21 pneumo- 
coccus isolated from another patient. 
Three days after inoculation a pustular 
lesion appeared at the site of inoculation. The 
pus was cultured in serum broth for 18 hours when 
Gram- positive diplococci which were not typable 
were seen. 0.5m1. of this culture inoculated 
intraperitoneally in a mouse was avirulent to 
the animal and the mouse was killed after three 
days. Culture of the peritoneal washings and 
heart blood was sterile. 0.5ml. of the peritoneal 
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washings was inoculated intr aperitone ally in 
another mouse and proved to be avirulent and 
sterile. The peritoneal washings were inoculate 
in another mouse with the same negative results. 
This procedure was repeated with four further 
mice. No growth was obtained from the peri- 
toneal washings or heart blood of these animals. 
Experiment 14. 
The avirulent culture was isolated from the 
sputum of a male patient aged 60 years on the 
tenth day of the pneumonia. The organism was 
inhibited by 8 units of penicillin per ml. A 
type 21 pneumococcus penicillin sensitive 
(minimum inhibitory concentration of penicillin 
was 0.03 units per ml) was isolated on the first 
day of the illness. 
The virulent culture was a type 8 pneumo- 
coccus isolated from aother patient. 
No lesion was observed at the site of 
inoculation. 
Two of the experiments (8 and 9) resulted 
in the production of a type specific penicillin 
resistant pneumococcus. 
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In these experiments the pneumococcal type 
isolated at the start of the pneumonia, was the 
same as that used as the transforming strain, 
namely type 3 in experiment 8 and type 23 in 
experiment 9. 
It was considered that the pneumococci which 
had caused the pneumonias were of a virulent 
nature. The virulence of type 3 is well known. 
Although type 23 is a higher type, in this patien 
it was cultured from the blood which is an 
indication of its invasive nature. 
In three experiments (10,11 and 13) Gram - 
positive diplococci were isolated from the mouse 
but were avirulent on further inoculation. 
These organisms were cultul -ed for 18 hours. 
It is possible a more virulent culture would 
have been obtained if the incubation time had 
been shorter. Cruickshank (1933) considered 
that mouse virulence was greatest in young 
cultures of pneumococci and recommended the use 












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Cases from which Gram -positive penicillin 
resistant diplococci were isolated. 
The cases have been described according to 
the type of pneumococcus isolated at the start 
of the pneumonia and the experiments related 
to each patient are given. 
1. Type 1 
Male aged 55 years with a moderate infection 
due to a type 1 pneumococcus. Gram- positive 
penicillin resistant diplococci isolated on the 
tenth day. The clinical response and radiological 
clearing were satisfactory. (Experiment 13) 
2. Type 
Female aged 66 years with a severe infection 
due to a type 3 pneumococcus. Gram -positive 
penicillin resistant diplococci were isolated 
on the fifth and tenth days. Radiological clear- 
ing was slow and the patient died after 21 days. 
(Experiments 1, 2 and 8) . 
3. Type 4 
Male aged 47 years with a severe infection 
due to a type 4 pneumococcus. Gram- positive 
penicillin resistant diplococci isolated on the 
fifth and tenth days. The clinical response and 
radiological clearing were satisfactory. 
(Experiments 4 and 11). 
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4.Type 9 
Male aged 84 years with a moderate illness 
due to a type 9 pneumococcus. Gram -positive 
penicillin resistant diplococci isolated on the 
tenth day. The clinical response and radio- 
logical clearing were satisfactory. (Experiments 
3 and 12). 
5. Tyne 20 
Male aged 75 years with a moderate illness 
due to type 20 pneumococcus. Gr.m- positive 
penicillin resistant diplococci isolated on the 
fifth day. Clinical response was satisfactory 
but radiological clearing was considered pro - 
longed. (Experiment 7). 
6. 2E0 21. 
Male aged 60 years with a moderate illness 
due to a type 21 pneumococcus. Gram -positive 
penicillin resistant diplococci isolated on the 
tenth day. Clinical response and radiological 
clearing was satisfactory (Experiment 14). 
7. Type 2 
Female aged 75 years with a moderate illness 
due to a type 23 pneumococcus. Gram- positive 
penicillin resistant diplococci isolated on the 
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10th day. Clinical response was satisfactory 
but radiological clearing was considered pro- 
longed. (Experiment 9). 
8. Type 21 
Female aged 50 years with a moderate illness 
due to a type 23 pneumococcus. Gram- positive 
penicillin resistant diplococci isolated on the 
tenth day. Clinical response and radiologcial 
clearing were satisfactory (Experiment 10). 
9. Type 12 
Female aged 46 years with a moderate infect- 
ion due to a type 32 pneumococcus. Gram -positive 
penicillin resistant diplococci isolated on the 
fifth day. Clinical response and radiological 
clearing were satisfactory (Experiment 5). 
10. Type 15 
Male aged 62 years with a severe illness 
due to a type 35 pneumococcus. Gram -positive 
penicillin resistant diplococci isolated on the 
fifth day. Clinical response and radiological 
clearing were satisfactory. (Experiment 6). 
Ten patients were in this study and all of 
these but one were over 50 years of age. This 
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is probably not of significance as most of the 
pneumococcal types which had caused the infections 
were of the higher types and it had been observed 
that these were found more frequently in older 
patients in this investigation. 
In the majority of patients the appearance 
of Gram- positive diplococci in the later stages 
of pneumonia did not have an adverse effect on 
either the clinical response or the rate of 
radiological clearing. 
It is of note that in two of the three 
cases where radiological clearing was slow, 
reversion of the avirulent culture to a type 
specific penicillin resistant pneumococcus took 
place. 
From one of these cases a type 23 pneumo- 
coccus was isolated at the start of the illness. 
IM this case the clinical response was satisfact- 
ory. The second patient,who was infected by a 
type 3 pneumococcus, died 21 dáys after admission 
to hospital. 
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The finding in all penicillin resistant 
organism whether mouse virulent or not of bile 
insolubility, optochin insensitivity and some - 
times failure of inulin fermentation, prompted 
an investigation into the in vitro effect of 
1 penicillin on pneumococci. 
This was done by growing the pneumococci 
in increasing concentrations of penicillin 
and observing the reactions of the organisms 
to the above tests during growth in the various 
concentrations of the drug. 
Culture of Dneumococci in increasing concentra- 
tions of Denicilljn,.4 
Material and methods 
The medium employed was 10% serum broth and 
the required amount of penicillin was added. 
Only pneumococci which had the following 
characters were used. 
(1) Bile solubility, (2) optochin sensitivity 
(3) ability to ferment inulin (4) type specific- 
ity (5) mouse virulence. 
At the start of the investigation the 
minimum inhibitory concentration of penicillin 
for the strain was determined. 
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The concentrations of penicillin which 
were used were - 
.025, 0.05, 0.1, 0.2, 0.4+, 0.8, 1.0, 1.5, 2.0, 
2.5, and 3.0 units per ml. 
Two loopfuls of the broth culture containin 
the highest concentration of penicillin which 
would permit growth were inoculated into 10% 
serum broth containing the next higher concentr- 
ation of penicillin until no further advance 
in penicillin could be obtained. 
The penicillin serum broth culture was 
incubated for 18 hours when if growth had taken 
place it was subcultured on a blood agar plate 
and heated blood agar plate in order that the 
morphology and colonial character of the pneumo- 
coccus could be studied. 
The reactions of the organism to bile, 
optochin, and inulin were checked after each 
exposure to the drug. 
Mouse virulence was checked at intervals 
and type specificity at each isolation. 
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" 10 3 strains 
11 4 strains 
" 13 2 strains 
" 14 3 strains 
" 17 1 strain 
" 21 1 strain 
" 23 2 strains 
" 4 strains 
" 34 2 strains 
It was found that as pneumococci were grown 
in increasing concentrations of penicillin, the 
properties of bile solubility, optochin sensitiv- 
ity and inulin fermentation were lost. 
The results of this experiment are seen on 
Figure 2 on page 329. 
I.t can be seen there was a variation in the 
concentrations of penicillin causing the loss 
of these properties. Nine of the thirty strains 
became optochin resistant when grown in 0.05 units 
C 
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The in vitro effect of penicillin on thirty strains of 
pneumococci showing the number of strains which lost the 
properties of sensitivity to optochin, solubility in bile, and 
fermentation of inulin when grown in increasing concentrations 
of penicillin. 
30 
0 .025 .0-5 0.1 0.2 0.4 0.6 0.3 1.0 1.5 2.0 20 
Concentration of penicillin in units -)er .l. 
- Bile - - - -- Optochin- - Inulin 
3.0 
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per ml. while two out of thirty retained this 
property until grown in 1.0 units per ml. In 
a concentration of 0.05 units per ml. twelve of 
the thirty became bile insoluble. One strain 
retained this property until grown in 2.0 units 
per ml. In the lower concentrations of peni- 
cillin a larger number of organisms retained the 
property of inulin fermentation as compared with 
bile solubility and optochin sensitivity. In 
a concentration of 0.1 units per ml., five of the 
thirty strains did not ferment inulin. At 
this concentration, thirteen strains were optochin 
insensitive and sixteen bile insoluble. 
Mouse virulence was tested at intervals but 
was found to be lost when the organisms were 
growing in low concentrations of penicillin. The 
cultures were subcultured frequently. 
Type specificity was lost by ten strains 
when grown in 0.8 units per ml. and by twenty 
strains when grown in 1.0 units per ml. 
Films made from the cultures showed that the 
organisms became smaller when grown in 
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increasing concentration of penicillin. 
It was also observed that a few of the 
cultures became Gram- negative either completely 
or in part. 
Growth in serum broth was agranular. 
It appeared that all the pneumococcal types 
studied, acquired resistance to penicillin at a 
comparatively equal rate. 
On blood agar the colonies became progress- 
ively smaller as the concentration of penicillin 
increased. This diminution in size of the 
colonies was also observed on heated blood agar 
where alpha ahemolysis was present. 
It was found that the same level of 
resistance to penicillin was retained after 
6o subcultures in a penicillin free medium. 
From the results of this experiment it 
appeared there was a resemblance between pneumo- 
cocci grown in progressively increasing concentr- 
ations of penicillin,and the Gram- positive dip - 
lococci isolated during the later stages of the 
pneumonia, from the sputum of patients with 
pneumococcal pneumonia treated with penicillin. 
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Both were penicillin resistant, small 
Gram -negative acapsulated, mouse avirulent 
organisms producing small colonies on solid 
medium and an agranular growth in broth. In 
both the properties of bile solubility and 
optochin fermentation were lost. It appeared 
that inulin fermentation was lost more readily 
by pneumococci grown in penicillin than by the 
Gram- positive diplococci isolated from the 
sputum. 
Increase in resistance to tetracycline and 
streptomycin in strains of pneumococci isolated 
at more than one examination. 
Tetracycline 
In two cases where pneumococci were isolated 
on the first and second days, the inhibitory 
concentration on the first day was 4 mcg. per 
ml and 16 mcg. per ml. on the second day. A 
type 3 pneumococcus was isolated on both days in 
one case. 
In four cases where pneumococci were isolated 
on the first and tenth days, the inhibitory 
concentration on the first day was 4mcg. per ml. 
and 16 mcg. per ml. on the tenth day. A type 




In two cases where pneumococci were isolated 
on the first and tenth days, the inhibitory 
concentration on the first day was 16 mcg. per 
ml, and 128 mcg. per ml. on the tenth day. 
In one case where pneumococci were isolated 
on the first and fifth days, the inhibitory 
concentration on the first day was lmcg. per ml. 
and 8 mcg. per ml. on the fifth day. In one 
case where pneumococci were isolated on the 
first and second days, the inhibitory concentra- 
tion on the first day was 8mcg. per ml. and i6 
mcg. per ml. on the second day. 
In one case where pneumococci were isolated 
on the first and second days, the inhibitory 
concentration on the first day was 2 mcg. per 
ml. and 8 mcg. per mi. on the second day. Type 
8 pneumococci were isolated on both days of 
examination. 
No increase in resistance to chloramphenicol 
was observed in strains of pneumococci isolated 
at more than one examination. 
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Increase in resistance_ by Staphy)ococcus aureus 
to penicillin, streptomycin, and tetracycline 
As phage typing was not done in this 
investigation, it cannot be definitely establish- 
ed that the strains isolated at the end of the 
pneumonia were the same as those found at the 
start of the illness. 
Penicillin 
Two strains were isolated where the inhib- 
itory concentration rose from 0.12 units per ml. 
on the first day to 8 units per ml. on the second 
day. 
One strain was isolated where the inhibitory 
concentration rose from 0.5 units per ml. on the 
first day to 16 units per ml. on the second day. 
Streptomycin 
Two strains were isolated where the inhib- 
itory concentration rose from 4mcg. per ml., on 
the first day to 64 mcg. per ml. on the fifth 
day. One strain was isolated where the inhib- 
itory concentration rose from 4mcg. per ml. on 
the first day to 128 mcg. per ml. on the fifth 
day. 
Tetracycline,. 
One strain was isolated where the inhibitory 
concentration rose from 2mcg. per ml. on the 
second day to 16mcg. per ml. on the tenth day. 
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Chloramphenicol 
No increase in resistance was observed with 
this drug. 
Increase in resistance to penicillin in strains of 
Haemophilus influenzae isolated at more than one 
examination. 
In two cases where Haemophilus influenzae 
was isolated on the first and second days, the 
inhibitory concentration on the first day was 
0.06 units per ml. and 8 units per ml. on the 
second day. 
In one case where Haemophilus inf uen a 
I was isolated on the first and fifth days, the 
inhibitory concentration on the first day was 
0.03 units per ml. and 8mcg. per ml. on the 
fifth day. 
As all strains of Haemophilus tnfluenzae 
were unencapsulated, it cannot be assumed that 
these cases demonstrated an increase in resistance 
to penicillin. 
No change in the sensitivity to streptomycin, 
tetracycline and chloramphenicol was observed in 
strains of Haemophilus influenzae, isolated at 
more than one examination. 
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Bacteriological findings in fatal cases. 
Brief histories of the fatal cases are 
appended. 
1. Male patient aged 79 years with a left 
upper lobe pneumonia. On the first day a type 
3 pneumococcus was isolated from the blood and 
sputum. A growth of Staphylococcus aureus and 
Klebsalla pneumoniae was also cultured from the 
sputum on the first day. Pneumococci and 
Klebsiella pneumonia were isolated on the second 
day and Staphylococcus aureus on the fifth day an 
tenth day. The patient died 19 days after 
admission. 
2. Female patient aged 66 years with a left 
upper lobe pneumonia. On the first day a type 
3 pneumococcus was isolated from the blood and 
sputum. On the fifth and tenth days penicillin 
resistant Gram- positive diplococci were isolated 
from the sputum. The organisms isolated on 
the fifth day were by mouse passage reversed to 
penicillin resistant type 3 pneumococci. Patient 
died 21 days after admission. 
3. Male patient aged 65 years. A pneumococcus 
which was not typed was isolated on the first 
day. 
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This organism was inhibited by a concentration 
of penicillin of 2 units per ml. ie. it was 
penicillin resistant. Six weeks previously 
this patient had received treatment for a 
pneumococcal pneumonia which appeared to respond 
to this therapy. He was admitted with an 
apparent relapse and died 24 hours after admiss- 
ion. Severe bronchopneumonia was diagnosed on 
clinical and post mortem examination. Histo- 
logical examination showed the presence of a 
reticulum cell sarcoma involving mainly the bone 
marrow. Primitive cells were seen in the blood 
vessels of the alvedli. In addition this 
; patient suffered from severe chronic bronchitis. 
4. Male patient aged 6o years. On the first 
day a mouse virulent type 3 pneumococcus was. 
[isolated from the blood and sputum. This organ- 
ism was inhibited by a concentration of penicillin 
of 4 units per ml. This patient was gravely ill 
on admission and died after 12 hours. There was 
consolidation of the left upper lobe and broncho- 
pneumonic areas in both lower lobes. 
5. Male patient aged 82 years, with left sided 
segmental pneumonia. A type 14 pneumococcus was 
isolated from the blood. Only laryngeal swabs 
were available for examination. Staphylococcus, 
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aureus was isolated on first, second, fifth 
and tenth day examinations. All strains were 
sensitive to penicillin with an inhibitory 
concentration of 0.06 units per ml. and treatment 
was with penicillin. He was very ill on admis- 
sion and there was no response to treatment. 
Death occurred after 13 days. 
6. Female aged 17 years. On admission this 
patient was gravely ill with an extensive right 
sided lobar pneumonia. She had been quite well 
until the previous evening. No sputum was 
available and capsulated diplococci morpholog- 
ically resembling pneumococci were seen in the 
film of the laryngeal swab. There were also 
Gram negative bacilli morphologically resembling 
Haemophi lus i nfluenzae. Culture of the swab 
was not satisfactory and pathogenic bacteria were 
not isolated by this method. A specimen of the 
blood was not cultured. The patient also had a 
pleural effusion which was sterile on culture, 
and mouse inoculation was negative. She died 
6 hours after admission. 
The patient was mentally backward but not 
a mongol. It is of interest that she had a 
'cold' three weeks previously. 
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7. Male aged 70 years with lobular pneumonia. 
On the first day a growth of type 3 pneumococci 
and Haemophilus influenzae was obtained from the 
sputum. Although these organisms disappeared 
from the sputum the clinical response of the 
patient was not satisfactory. On the tenth day 
and on subsequent examinations until deathol Ps 
pYocyanea was isolated from specimens obtained 
by tracheostomy. He died 18 days after admis- 
sion. He also suffered from chronic bronchitis. 
8. Female aged 88 years with lobular pneumonia. 
On the first day a type 6 pneumococcus was 
isolated and there was also a growth of Haemo- 
bhil s influenzae at this examination. With 
penicillin therapy the chest infection improved 
but the patient developed diarrhoea after four 
weeks, her condition deteriorated, and death 
occurred eight weeks after admission. Post 
mortem examination showed a wide -spread divert- 
iculitis with a perforation and peritonitis. 
Two weeks before the onset of pneumonia the 
patient had an upper respiratory tract infection. 
9. Male aged 71 years with lobular pneumonia 
and a history of chronic bronchitis. On the 
first day a profuse growth of Staphylococcus, 
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aureus sensitive to penicillin, streptomycin, 
tetracycline and erythromycin was isolated. 
The infection responded to treatment and he was 
discharged from hospital after eight weeks. 
During his stay in hospital he developed congest- 
ive cardiac failure which was controlled with 
digitalis. However this patient died at home 
in the month following discharge from hospital. 
16. Male aged 63 years admitted with c -,ngestive 
failure and lobular pneumonia. A profuse growth 
of Staphylococcus aureus resistant to penicillin, 
streptomycin, and tetracycline was isolated on 
the first day and sec -nd day. The infection was 
controlled with crystalline penicillin and 
methicillin but the patient died of congestive 
cardiac failure 18 days after admission. This 
patient suffered from chronic bronchitis. 
11. Male aged 61 years with lobular pneumonia. 
This patient had a long history of chronic bron- 
chitis. He had received antibiotic treatment 
before admission and no pathogenic organisms were 
isolated from the one sputum specimen examined. 
The organisms found in this specimen were N. 
catarrhalis and Street. viridans 
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With one exception the patients in this 
group were over 60 years of age. In 7 cases 
pneumococci were isolated on culture and were 
present in the Gram film only in one case. 
Infection was most frequent with type 3 
pneumococci. Of the six pneumococcal types 
found, four were identified as type 3. 
Pneumococci were cultured from the blood 
of four patients. Three strains were identified 
as type 3 and one as type 14. 
Three strains of pneumococci showed increased 
resistance to penicillin; in one strain the 
resistance was primary in type, and in the other 
two there appeared to be acquired resistance. 
Staphylococcus aureus was isolated in four 
cases. In two cases it was the cause of pneum- 
onia in patients with severe chronic bronchitis. 
In the remaining cases it was an added complic- 




This investigation of pneumonia was 
conducted on completely unselected cases of the 
disease. Interesting information has therefore 
emerged on the type of case which is of 
sufficient severity to require treatment in 
hospital. In this connection the points which 
are discussed include the nature of the infecting 
agents responsible for the pneumonias and the age 
groups which were affected. Much of the work in 
this study was concerned with determining the 
sensitivities of the pathogenic organisms to the 
antibiotics commonly used in the treatment of 
pneumonia. The results of these findings are 
considered with particular regard to the appearame 
of resistance to the drugs studied. An unexpec- 
ted finding was the isolation of some strains of 
pneumococci which showed an increased resistance 
to penicillin, and these are considered with 
regard to their morphological and colonial 
appearance, their biochemical reactions and the 
nature of the illness caused by them. It was 
apparent from the bacteriological findings in the 
investigation, that the isolation rate of 
pathogenic organisms could be increased by the 
use of certain selective techniques. Some of 
these were employed from the start, and others 
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were introduced during the course of the study. 
There is a discussion on the value and necessity 
of the employment of such methods for a full 
understanding of the bacteriological aetiology 
of pneumonia. Finally there is a review of the 
cases in the investigation which had a fatal 
outcome. 
The organisms isolated 
The predominance of the pneumococcus in this 
investigation indicates the importance of this 
organism as the infecting agent in pneumonia. 
This agreement with 1959) who 
considered that despite statements to the 
contrary, the pneumococcus remained the most 
important cause of bacterial pneumonia in the 
temperate zone. Other bacteriological 
investigations of pneumonia have shoran that of 
the pathogenic bacteria isolated, the pneumococcus 
was responsible for the largest number of infec- 
tions. In the report of the Antibiotics 
Clinical Trials Committee of the Medical 
Research Council (1951) on the treatment of 
pneumonia, where 267 cases from four hospitals 
were studied, it was shown that pneumococci were 
concerned in 196 cases. Grist and collaborators 
(1952) isolated pneumococci from 84 of 129 
cases. 
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The number of cases due to pneumococcal infection 
in the study by Eadie and others (1951) was 63 
out of 79. Stuart Harris (1953) investigated 
four series of cases with pneumonia and found 
the percentage of pneumococci isolated ranged 
from 61% to 81 %. In the above studies details 
of the nature of the pneumonic infection are not 
given. Pneumococci were isolated from 26 cases 
with consolidation, and from 3 with lobular 
pneumonia in the study by Crofton and colleagues 
(1951). Israel aid co workers (1948) found an 
isolation rate of pneumococci of over 90% in 
cases oflobar pneumonia. In the investigation 
by Humphrey and others (1948) of pneumonias with 
evidence of consolidation, pneumococci were 
isolated from 278 cases out of 351 studied. 
Of particular interest in the present study 
was the tendency of the pneumococcus to infect 
older patients. This was seen in the male 
patients where 73% of pneumonias due to 
infection with the pneumococcus either alone or 
together with Haemophilus influenza e, occurred 
in patients of 50 years and over. When all the 
male patients in the investigation in this age 
group were considered, it was seen that a 
pneumococcal infection was present in 50% of cases 
Slightly more than half the pneumococcal 
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infections in females were in patients of 50 years 
and over, and these infections were responsible 
for about one third of the pneumonias in this 
age group. It is not m nsidered however that 
a comparison of the male and female cases can 
be made as the latter were fewer in number and 
were restricted by the smaller number of beds 
available for female cases. 
It is possible that the number of pneumococcal 
infections in the present study is an under- 
estimate, as it is probable that some cases were 
not diagnosed bacteriologically because previous 
antibiotic treatment had masked the infecting 
agent. 
It would appear from this investigation 
that in hospital practice, pneumococcal 
infections occur predominantly in older patients 
and are responsible for a large proportion of 
pneumonias found in-this group of people. 
The practice of typing pneumococci has now 
become relatively uncommon; it would seem to be 
of interest to identify the pneumococcal types 
which are now responsible for infections. Not 
all the pneumococcal types in the present study 
were identified, but interesting information 
was obtained from the small investigation which 
was undertaken. 
It was considered that the high proportion 
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of type 3 pneumococci which were identified was 
of particular significance as four of the eleven 
fatal cases in the investigation were infected 
with this type. As eight of the eleven strains 
identified as type 3 pneumococci were isolated 
from patients over fifty years of age, it would 
! a pp ear that the tendency of this type to infect 
older people, commented on by Heffron (1939) is 
still present. It would seem that the high 
percentage (31 %) of type 3 strains isolated, was 
related to the predominance of older patients in 
this investigation. Thomson and others (1951) 
and Humphrey and colleagues (1948) found a high 
incidence of type 3 pneumococcal infections in 
older patients. 
In other studies where pneumococcal types 
were identified, there is not similar complete 
information on the age groups affected, and it 
is' difficult to compare the findings of such 
investigations with the present series. A 
predominance of type 1 infections has been 
reported by certain investigators (Humphrey and 
colleagues, 1948; Israel and others, 1948; 
Austrian and Winston, 1956; Thomson and 
associates, 1951; Van Metre, 1954). It 
appeared from the information given by Humphrey 
and colleagues (1948) that there was a fairly 
wide distribution of patients of all ages although 
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there was an age limit of 70 years. 
In an extensive study of epidemic pneumococc 
al infections in young adults by Hodges and 
MacLeod (1946), the predominant type was type 2 
which is associated with infection in this age 
group. This was the predominant type in the 
investigations by Anderson and Ferguson (1945), 
Anderson and Landsman (1947) Eadie and colleagues 
(1951) and Grist and associated (1952). The 
last four studies were undertaken in Glasgow 
where there would appear to be a predominance 
of type 2 pneumococci. 
In a study of the prevalence of pneumococcal 
types, Austrian (1959) isolated over a five year 
period 1,354 strains of pneumococci, 12% of 
which were identified as type 3 organisms. This 
was the most common type found in this series, an 
in this author's opinion was due to the ease with 
which ty-De 3 pneumococci are cultured from sputum, 
isolated by mouse inoculation, and their 
frequent occurrence in the carrier state. There 
is however no information on the age groups 
affected or the death rate. From the results of 
the present study where all type 3 pneumococci 
isolated at the start of the illness were 
responsible for infections, it would appear unwise 
to regard such organisms as mere contaminants. 
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There was in this investigation a slightly 
increased incidence of types 1 to 8 over the 
higher types, 57% as compared with 43%. In 
most similar studies the percentage of type 1 to 
8 has been higher,74% of the pneumococci typedby 
Humphrey and colleagues (1948) belonged to 
types 1 to 8. Austrian and Winston (1956) 
reported that 72% of strains were in this group. 
In the pneumonias studied by Stuart Harris (1953), 
the incidence of types 1 to 8 ranged from 61% 
1 to 77 %. 
As with the exception of type 3, the higher 
types tend to infect younger patients (Heffron, 
1939), it would appear that the comparatively 
low incidence of type 1 to 8 inCections is again 
a reflection of the increased age of the patients 
in this investigation. 
When types 9 and upwards are considered it 
is seen that 80% of these strains were isolated 
from patients of 50 years and over and 
infection with these types less frequently 
caused consolidation as compared with infection 
with the lower type. The illness suffered by 
the majority of these patients was less severe 
than that found in a similar age group where 
the infecting types were of the lower numbers. 
In all age groups infection with the lower 
pneumococca.l types was associated with 
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consolidation. The degree of severity of the 
illness was associated with the increasing age of 
the patient. 
The predominant infecting types in older 
patients have been type 3 and the higher types. 
As these are the types commonly found in the 
carrier state, it would appear that many of the 
older patients probably due to a failure of 
resistance caused by advancing years, have become 
infected by pneumococci derived from their own 
respiratory tract, although it is of course 
possible that these patients were infected from 
an outside source. 
From a. consideration of the seasonal 
incidence of pneumococcal infections, it is seen 
that there was a predominance of isolations of 
pneumococci in the late winter and early spring 
months. It was of interest that with one 
exception all type 3 pneumococci were isolated in 
the months November to February. In the study 
by Straker and colleagues (1939), it was shown 
that pneumococci were isolated more frequently in 
the naso pharynx in cold damp weather, and in 
such conditions there was a tendency for these 
organisms to spread forwards into the nose and 
downwards towards the trachea. In the winter 
months, conditions are then optimum for infection 
of an endogenous nature, namely an increased 
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number of pneumococci in the carrier state, and 
a tendency for the body's resistance to be 
reduced as the effect of. cold and the prevalence 
of upper respiratory tract infections at this 
time. If these infections in older people are 
indeed endogenous, it is apparent that older 
people who harbour type 3 pneumococci in the naso 
pharynx run the risk of acquiring a serious 
illness. In view of the serious nature of 
pneumococcal infections in older patients, it 
would appear that consideration of the carrier 
state is of importance. It would be a marathon 
task to attempt control of this in the general 
population. However it has been observed that 
chronic carriers of pneumococci frequently have 
pathological conditions of the upper respiratory 
tract, (Cruickshank, 1933). It would appear that 
such conditions should not be regarded lightly in 
older peóple, as treatment would presumably 
lessen the possibility of a lower respiratory 
tract infection. 
As the largest number of strains of 
pneumococci isolated, have been those associated 
with the carrier state, it is considered that 
bacteriological examination of the upper 
respiratory tract in cases of pneumonia could 
yield interesting and useful information on the 
possible source of infection. 
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As the organism; isolated from the blood in 
all cases of bacteraemia in this investigation 
was the pneumococcus, it is relevant at this 
paint to discuss this subject. 
As other comparable studies have been 
concerned mainly with pneumococcal infections, 
the incidence of bacteraemia in the presnnt study 
has been considered as the percentage of 
pneumococcal infections. 
The percentage of 14.7% found in this 
series was not an unusual finding. Other 
comparative reports are 14.8% (Austrian, 1959), 
22% (Davis, 1954), 25% (Austrian and Winston 
1956), 17% (Ahern and Kirby, 1953),21% (Gocke 
and associates, 1949), and 10% (Dowling and 
Lepper, 1951). 
The high incidence of type 3 pneumococci 
which was observed in general during the 
investigation was also present in the strains 
isolated by culture of the blood. Of the ten 
strains isolated by this means, four were 
identified as type 3 pneumococci, and 36% of the 
patients with a pneumonia caused by this type 
had an associated bacteraemia. Heffron (1939) 
in a survey of the literature found that type 3 
was the least frequent of the first three types 
to invade the blood. Comparison cannot be made 
with this survey in view of the small number of 
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patients concerned inthe present series. In more 
recent studies type 3 has not been found to be the 
most frequent type isolated from bacteraemic 
cases. Austrian and Winston (1956) found type 1 
a common cause of infection. This type together 
2, 5, and 8 was mostly commonly isolated by 
Thompson and others (1951) and was the commonest 
type 'in the study by Dowling and others (1947). 
In the investigation by Israel and others (1948) 
there was a variation in the types isolated in 
the different years of the study. Type 1 was 
found most frequently in the earlier years but 
was replaced by type 2 in the later years. Ahern 
and Kirby (1953) did not isolated any type 3 
pneumococci by culture of the blood. 
The high incidence of type 3 pneumococcal 
infections in the present study was associated 
with the increased age of the patients 
infected withtbis tape. It was observed that the 
incidence of bacteraemia rose progressively with 
age and this association was present with all 
types isolated. The incidence of bacteraemia 
in patients of 6o years and over, was five times 
that of patients under that age. 
The mortality rate was high in patients with 
a pneumococcal invasion of the blood and this was 
particularly marked when the infecting type was 
type 3. Three of the four patients with this 
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form of bacteraemia died. This high mortality 
associated with type 3 pneumococcal bacteraemia 
has long been known. In the work of Heffron 
(1939), it was shown that where the infecting type 
was type 3 the death rate in bacteraemic patients 
ranged from 86.1% to 100%. 
The serious nature of pneumococcal bacter- 
aemia in pneumonia has been confirmed by other 
writers. Van Metre (1954) found an increased 
mortality in such cases particularly where the 
infecting sprains were types 3 and 1. In the 
study by Dowling and others (1947), five of 
twelve deaths were in patients with bacteraemia 
and two of the infecting strains were type 3 
pneumococci. Although Thompson and co workers 
(1951) found an increased mortality associated 
with bactera.emia, they did not consider type 
3 a f regent invader. A high mortality rate 
associated with culture of pneumococci from the 
blood was reported by Dowling and Lepper (1951), 
who found the mortality in bacteraemic patients 
was 13% as compared with 4% in cases where this 
complication was not present. There were seven 
deaths in the study by Anderson and Landsma& (1947) 
and in six of these pneumococci were cultured from 
the blood. Eight of the twenty two patients who 
died in the investigation by Anderson and 
Ferguson (1945) were bacteraemic. Austrian 
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(1959) and Israel and others (1948) commented on 
the association of a high mortality and 
bacteraemia. 
It is apparent from the findings in this 
study, that the presence of bacteraemia, partic- 
ularly where the infecting type is type 3, in 
older patients should be regarded as a factor of 
serious significance. 
It is considered that culture of the blood 
should in included in a study of pneumonia, as it 
may yield information which could be of assistance 
to the physician in the early assessment of the 
case. 
It could be of diagnostic value where 
sputum specimens are not available. This was 
observed in two cases in the present study where 
type 14 and type 23 pneumococci were isolated 
from the blood of two elderly patients who were 
unable to produce a specimen of sputum. 
When infections due to Haemophilus influenzae 
were considered, it was seen there was a higher 
proportion of cases regarded as caused by 
infection with this organism than has been 
previously reported. 
Mulder (1952) stated that he had never 
isolated a pure culture of unencapsulated 
Aaemophilus influenzae from cases of lobar or 
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segmental pneumonia. This is in contrast to 
the present study where in all but one case there 
was evidence of consolidation. The rarity of 
pneumonia due to infection with Haemophilus 
influenzae has been shown by some authors; Schimm 
(1959) considered that this type of pneumonia 
accounted for 0.1% of pneumonias. Of 3,189 cases 
of lobar pneumonia reviewed by Heffron (1939), 
0.2% were considered caused by infection with 
Haemophilus influenzae. A more recent survey by 
Crowell and Loube (1954) showed Haemophilus 
influenzae to be the infecting agent in four out 
of 3,600 cases of lobar pneumonia. In the study 
by the Committee of the Antibiotics Clinical 
Trials of the Medical Research Council (1951), 
only one of the 267 cases was regarded as due to 
infection with Haemophilus influenzae. No 
isolations of Haemophilus influenzae were 
reported from the investigations of Stuart Harris 
(1953) Humphrey and colleagues (1948) and 
Crofton and associatea(1951). 
These figures are very low when compared 
with the findings of the present study where 
Haemophilus influenzae was considered responsible 
for 9.7% of the infections. 
In attempting to find a reason for the 
high incidence of this type of pneumonia in the 
present series, it is of importance to consider 
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possible predisposing factors. 
The studies of Mulder and colleagues (1952), 
Hers and Mulder (1953), and Straub and Mulder (1948),' 
have stressed the importance of epit:ielia.l lesions' 
produced by viral infections. These authors 
considered that necrosis of the epithelium 
produced by the virus, promoted entry of the 
haemophilus. In a study of the occurrence of 
Haemophilus influenzae at post mortem examination, 
1 
Rosher (1939) considered that invasion of the 1 
respiratory by a virus, was conducive to the 
spread of Haemophilus influenzae from the naso 
pharynx to the respiratory tract. 
In the present study, Para -influenza 1 
virus was isolated from one patient. In two 
other cases it was considered there was serol- 
ogical evidence of infection with Influenza A 
virus. This diagnosis was based on a rise in 
virus antibodies. 
Haemophilus influenzae is considered an 
important infecting agent in chronic bronchitis. 
As six of the fifteen patients in this group 
were already suffering from the disease, it is 
probably in these cases that the organ ism was 
already present in the bronchial tree and the 
pneumonia was an exacerbation of a chronic 
infection. 
There is thus a predisposing factor to 
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infectionjn only nine of the fifteen cases. 
This is unusual as infection with Haemophilus 
influenzae is generally of a secondary nature. 
It is of interest to recall the work of 
Rosher (1939), who showed in post mortem studies 
of the trachea, that there was an increased 
incidence of Haemophilus influenzae in the first 
quarter of the year and considered that cold damp 
weather favoured the invasion of the lower 
respiratory tract by Haemophilus influenzae 
[usually harboured in the naso pharynx. In the 
present study all isolations of pure growths of 
Haemophilus influenzae were made during the winter 
months only. It is possible that the hard 
northern winter may have been a contributing 
factor in some cases of infection of the 
respiratory tract with Haemophilus influenzae. 
Haemophilus influenzae is a normal inhabitant 
of the naso pharynx. The carrier rate was 
studied by Rosher (1939) who found it ranged from 
40% to E`0% in healthy people. The question 
therefore arises of whether these organisms were 
the cause of infection or were commensal in 
nature. 
It was considered they were the cause of 
infection as the growth obtained on culture was 




In 7.0% of cases in this investigation 
Staphylococcus aureus was considered the infecting 
agent responsible for the pneumonia. Although 
this organism was isolated from other patients 
both in the early and later stages of the illness, 
it was not considered in some cases to be of 
clinical significance. 
This figure of 7% is comparable with the 
!results of the study by Crofton and others (1951) 
where staphylococci were isolated from 10 of 110 
patients and with one of the investigations of 
Stuart Harris (1953) in the non influenzal period 
where a 10% incidence of staphylococcal infections 
was found. A lower incidence has been recorded 
,in certain other studies. Stuart Harris (1953) 
in his first investigation in the non influenzal 
period, found two of 81 cases due to a staphylo- 
coccal infection. Seven of the 351 cases of 
pneumonia studied by Humphrey and associates 
(1948) were due to staphylococcal infection. An 
even lower incidence was found in the investigation 
by the Committee of the Antibiotics Clinical 
Trials of the Medical Research Council (1951) 
where, of 267 cases only 2 were caused by 
infection with the Staphylococcus aureus. 
Staphylococcal pneumonia is a frequent and 
often fatal complication of influenza (Stuart 
Harris, 1953; Hers and colleagues, 1958; 
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Robertson and associates 1958; Walker and others 
1958; Maccabe, 1959). 
curing the present study there was not an 
,outbreak of influenza and this is in accordance 
with the comparatively low incidence of staphyl- 
ococcal infections. Virological investigations 
showed the presence of raised antibody titres to 
Influenza A in one patient and to Influenza B 
in another patient. It appeared that chronic 
bronchitis was more common predisposing agent 
and was present in six cases infected with this 
organism. This would indicate the serious 
danger which infection constitutes to such 
patients which is emphasised by the presence of 
two fatal cases in this group. 
Scanty and moderate growth of Staphylococcus 
aureus were obtained from several patients during 
the later stages of treatment. These were not all 
considered responsible for clinical infections, 
which would appear to be unusual as a secondary 
infection would seen to be a very possible 
consequence of the presence of these orgaisms of 
known virulence. 
Phage typing of the staphylococci and nasal 
swabbing of the patients and staff was not 
undertaken and it is considered that useful 
information could be obtained by such a study. 
Klebsiella pneumonia.e was isolated 
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'infrequently during the investigation, and in only 
one case was considered to be the cause of 
'pneumonia. Initially this patient suffered from 
a pneumonia due to a type 3 pneumococcus, and it 
was considered that infection with Klebsiella 
pneumoniae took place in hospital. This case 
demonstrates the advantage of examination of the 
sputum throughout the pneumonia, as in view of 
the severity of the nature of infection with 
Klebsiella pneumoniae it is essential that the 
correct therapy be given without delay. 
Although the incidence of pneumonia due to 
;infection with Klebsiella pneumoniae is low, it 
is a serious infection and the mortality is high, 
In the pre antibiotic era, death occurred in the 
majority of cases. Heffron (1939) reported 
mortality rates of 63.3 to 90%. The death rate 
has fallen since the use of antibiotics but still 
remains at a high level. Jervey and Hamburger 
(1957) reported a mortality rate of 53 %. The 
patient in the present study recovered. 
One strain isolated in this investigation 
was mouse virulent. Kauffman (1951) maintained 
that types 1 and 2 which in man produce infections 
of the respiratory tract can be identified from 
the higher types by their property of mouse 
virulence, which is absent in the higher types. 
However Epstein and Payne (1959) studied 
361 
experimental Klebsiella infections in mice and 
found one type 1 strain which was virulent by 
the intraperitoneal route. However the value of 
mouse inoculation cannot be disregarded on such 
scanty evidence. 
Strains of Klebsiella pneumoniae were isolated 
from some cases in the present series in the later 
stages of the illness, but were not considered to 
be of clinical significance. Most probably these 
strains which were penicillin resistant were the 
result of colonisation of the respiratory tract 
after treatment with penicillin. Weiss and 
isolated 
from patients following penicillin treatment were 
of the higher types. 
In view of the severity of the infection 
and the mortality assocated with it, it is 
essential in infections caused by Klebsiella 
pneumoniae, that the organism be recognised and 
the appropriate therapy instituted without delay. 
Jervey and Hamburger (1957) and Limson and others 
(1956) stressed the importance of a Gram film in 
the identification of the organism. 
Such an examination applies to all types of 
pneumonia, and this examination is a useful 
aid to 
the early identification of the nature of the 
bacterial infection of the sputum. 
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As no pathogenic bacteria were isolated from 
just over a third of the cases in this investiga- 
tion, it would seen advisable to study these in 
some detail in order to find possible reasons for 
this apparent failure to establish a bacterial 
aetiology in so many cases of pneumonia. 
A finding of this nature is not new. Stuart 
Harris (1959) commented on the appearance of 
this group of bacteriologically undiagnosed 
pneumonias in the more recent studies of pneumonial. 
In the study by Crofton and colleagues (1951)' 
47% of the cases were not diagnosed bacteriologic-1 
ally. Grist others commented the 
high proportion of cases 27%, from which no 
pathogenic organisms were isolated,15% of the 
cases studied by Humphrey and co workers (1948) 
and 20% of the cases in the investigation by the 
Committee of the Antibiotics Clinical Trials of 
the Medical Research Council (1951) were not 
diagnosed bacteriologically. 
Previous antibiotic treatment may mask the 
infecting bacteria and this particularly applies 
to the pneumococcus which is sensitive to many 
antibiotics. Crofton and colleagues (1951) 
considered that several cases of pneumococcal 
pneumonia were undiagnosed for this reason. In 
the present study this was a possible explanation 
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of failure to isolate pathogenic bacteria in just 
under half the cases. 
A profuse growth of Monilia was isolated 
from three cases and a profuse growth of Bact 
coli from one case in the untreated group. This 
finding raises the question of treatment which 
had not been reported. Although Monilia may be 
found in the sputum of healty people, it was 
considered that the amount of growth in these 
cases was in excess of normal. It was not 
considered that the Bact. coli isolated were the 
primary cause of the pneumonia in view of the 
patient's response to penicillin. 
It was observed in the investigation that 
culture of the sputum was a. superior method of 
isolation of pathogenic bacteria than culture of 
laryngeal swabs. From four patients, only 
laryngeal swabs were received, and it is 
considered in these cases the possiblity of 
isolation of pathogenic bacteria was diminished 
for this reason. 
In addition, in these cases where only 
laryngeal swabs were examined, mouse inoculation 
was not performed, and this was found to be an 
effective method of isolation of pneumococci in the 
'present study. rourteen strains of pneumococci 
were isolated by this method only. Humphrey and 
others (1948) considered the isolation rate of 
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pneumococci could be increased by 35% by the use 
of this technique. 
The type of sputum specimen was of 
importance. When the specimens were received, 
the type was recorded and on analysis of the 
results, it was observed that in two of the 
cases where no bacterial pathogen was isolated, 
the specimen was salivary in nature and unlikely 
to have yielded information on the inflammatory 
process present in the lower respiratory tract. 
The examination of a true specimen of sputum 
cannot be overemphasised. Humphrey and 
colleagues (1948) stressed the importance of the 
type of specimen. The suitability of the 
specimens in their investigation was assessed by 
the medical staff or sister before dispatch to 
the laboratory. 
The organisms which were isolated most 
frequently in this group were Neisseria 
catarrhalis and Street. viridans. There was a 
predominance of older people in this group and 
the possible pathogenicity of these organisms to 
Several such patients should be considered.   
patients were very elderly and it may be that 
the impairment of the body's defences allowed these 
organisms to gain access to the lower respiratory 
tract with a resulting inflammatory reaction. 
Scadding (1952) has described a type of pneumonia 
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which he has named 'aspiration' pneumonia, 
The nature of the aspirate is the endogenous 
secretion of the respiratory tract which is not 
expelled as a result of failure of the defence 
mechanism of the bronchi. This failure which 
permits stagnation of the secretion, may occur in 
old age where weakening of the respiratory muscles 
may lead to difficulty in the expectoration of 
the secretions of the bronchial tract. In such 
cases pathogenic bacteria are not cultured from 
the sputum but the bacterial flora is made up of 
organisms usually considered of a non pathogenic 
nature, for example N. catarrha.lis, and Street. 
¡viridans. 
The possibility of infection with orgaisms 
normally non pathogenic was discussed by Crofton 
and others (1951). Previous damage to the 
bronchial epithelium could facilitate infection 
and it is considered that this may have occurred 
in two cases in the present study where large 
numbers of Street. viridans and N. catarrhalis 
were associated with purulence of the sputum. In 
both cases there was serological evidence of 
previous viral infection and no pathogenic 
bacteria were isolated. Hers aid Mulder (1953) 
considered that necrosis of the epithelium by the 
influenza virus promoted entry of pathogenic 
bacteria, and it is possible that such 
a lesion 
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has aided infection in these cases. 
most suggestive where N. catarrhalis was 
This was 
;isolated, as the intracellular distribution of 
the organisms indicated an acute inflammatory 
process. 
From this study it would appear that the 
usual practice of ignoring 'non pathogenic' 
organisms should be revised, particularly where 
debilitated patients are concerned. It is 
considered that the age and general condition of 
the patient should be taken into account when the 
significance of organisms present in the sputum 
is assessed. 
It can also be seen from this study that in 
a bacteriological investigation of pneumonia, an 
associated virological study is necessary. Apart 
from the primary nature of such infections, the 
possibility, as has already been discussed, of 
viral lesions predisposing to infection with 
organisms usually regarded of low pathogenicity, 
should be considered. 
To summarise, it appeared that many of the 
cases in this group could be accounted for. Some 
were possibly missed bacterial pneumonia.s, either 
as a, result of previous antibiotic treatment 
which had masked the infecting organism, or a 
result of an incomplete bacteriological examination. 
In some cases the probable infecting agent was a 
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virus. In a few cases it was possible the 
infecting organism was one normally of low 
pathogenicity which had gained access to the 
lower respiratory tract as a result of a failure 
of the host's defences. It was considered that 
possible predisposing factors were old age and 
viral infections. 
Replacement of sensitive flora by fungi and 
,Gram negative bacilli may occur during or after 
antibiotic treatment. In the present study this 
took place in 63 cases (43 %). With the 
exception of one strain of Pseudomonas pyocyanea 
these organisms were of a harmless nature and 
their presence did not give rise for alarm. The 
strain of Ps. yocyanea was isolated from tra.che- 
ostomy specimens in the terminal stages of a 
pneumococcal pneumonia.. In such cases there is 
difficulty in assessing the pathogenic nature of 
such an organism isolated in the later stages of 
a fatal illness. Although it may be assumed to 
be the infecting agent, its continued presence 
in large numbers may be the consequence of 
continued therapy which has removed all but the 
most resistant organisms. 
It is frequently difficult to determine the 
significance of Gram- negative bacilli isolated 
during the treatment of respiratory infections. 
It is considered that examination of a Gram film 
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can be of assistance, as by this means the degree 
of inflammatory reaction can be estimated. In 
a minority of cases there is marked purulence 
associated with the presence of Gram -negative 
bacilli only, in large numbers. It is considered' 
that these cases are of more possible significance 
than those where the pus cells are fewer and the 
bacterial flora is mixed. In the case in the 
present study where Ps. p c anea. was isolated 
terminally, examination of the Gram film showed 
large numbers of pus cells and Gram -negative 
(bacilli. 
There are several reports of pulmonary 
infections by Gram -negative bacilli subsequent to 
antibiotic treatment. Weinstein (1955) reported 
cases of this type of pneumonic infection in 
patients with respiratory poliomyelitis who had 
received prophylactic antibiotic treatment. In a 
study by Barach and colleagues (1952), on the 
effect of antibiotic treatment on chronic 
respiratory infections, several severe superin- 
fections with Proteus and Pseudomonas aeruginosa 
were encountered and these organisms were regarded 
as the infecting agent in some fatal cases. 
McCurdy and Neter (1952) and Haffner and 
associates (1950) studied this problem in young 
(children. In these investigations it was 
observed that after antibiotic therapy the normal 
3b9 
flora of the upper respiratory tract was frequentl 
replaced by Gram- negative flora. 
Antibiotic sensitivity 
An important aspect of this investigation was 
the study of the antibiotic sensitivity of the 
pathogenic organisms isolated. 
By a study of results obtained by the plate 
dilution method it was hoped to learn at least two 
things. One was the exact degree of sensitivity 
of the organism to the drug, and if it was isolate 
at later examinations, any change in the sensitivity 
As this was an in vitro sensitivity, the results 
ould require to be correlated with the clinical 
response to the drug. The control organism was a 
standard sensitivé. Staphylococcus aureus and thug 
hen an organism was regarded as resistant, it was 
so when compared with the sensitivity of the 
standard organism. 
The most interesting finding which emerged 
from this investigation was the appearance of 
certain strains of pneumococci which showed a 
decreased sensitivity to penicillin. 
Pneumococci have always been regarded as 
extremely susceptible to the action of penicillin. 
Austrian (1957) considered it was not necessary 
to test the sensitivity of pneumococci isolated 
from cases of pneumonia. 
The sensitivity pattern which emerged in the 
resent investigation was therefore surprising 
and gave rise to concern. No previous studies 
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had reported loss of sensitivity to penicillin 
. 
by pneumococci. Hoffman and Volini (1947) 
considered penicillin resistant pneumococci a 
possible reason for failure of response to oral 
penicillin in the treatment of pneumonia, but in 
these cases the organisms were not isolated and 
sensitivity tests were not performed. 
The in vitro sensitivity of pneumococci to 
penicillin was studied by Jackson and colleagues 
(1950). In this study the highest concentration 
of penicillin which would inhibit growth of the 
pneumococcus was 0.01 units per ml. A similar 
investigation was undertaken by Jones and Finland 
(1957). The compared their results with the 
earlier workers and found no significant change 
had taken place in the sensitivity of the 
neumococcus to penicillin. 
At the start of the investigation,pneumococci 
ere identified by their morphology, colonial 
appearance, solubility in sodium desoxycholate, 
optochin sensitivity and inulin fermentation. 
ertain strains of pneumococci which were typical 
olonially and morphologically were found to lack 
he properties of bile solubility, optochin 
ensitivity, and inulin fermentation. Although 
his was found in a few penicillin sensitive 
trains, it was a constant feature in those 
trains which were resistant to penicillin. 
Because of these findings it was decided to 
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include mouse inoculation in the range of tests as 
it was considered the property of mouse virulence 
was an indication of the significance of the 
organism. As it was also considered that 
determination of the type of pneumococcus was of 
great value, this investigation was added to the 
range of tests. 
In the present study, the identification, 
and the assessment of the significance of 
penicillin resistant bacteria which had the 
colonial and morphological characteristics of 
pneumococci but lacked the biochemical reactions 
of these organisms, presented difficulties. If 
the possession of the properties of bile 
solubility, optochin sensitivity, and inulin 
fermentation is the criterion necessary for the 
identification of pneumococci, then the organisms 
in the present study cannot be regarded as 
pneumococci. On the other hand as they were 
capsulated, and when facilities for mouse 
inoculation became available, were shown in many 
cases to be mouse virulent, there seemed to be a 
strong indication that they were pneumococci which 
had been altered by the action of penicillin. 
Useful information was gained from the study of 
in vitro resistance in pneumococci. Here it 
was shown that as pneumococci grew in increasing 
concentrations of penicillin, the properties of 
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bile solubility, optochin sensitivity and inulin 
fermentation were lost and by this means it was 
possible to produce capsulated pneumococci which 
were bile insoluble, optochin resistant and 
Mailed to ferment inulin. It was found that 
pneumococci which became resistant in vitro, 
retained the capsule until growing in concen- 
trations of 0.8 units to 1.0 units per ml., while 
the majority of strains lost the biochemical 
reactions during growth in lower concentrations 
of penicillin. In some strains with in vivo 
resistance, the :Capsule was retained when the 
inhibiting concentration of penicillin was greater, 
than 1 unit per ml. It is not however intended 
to make a direct comparison between the two forms 
of resistance as the nature and circumstances of 
each are widely different, but it is considered 
there is a similarity between the findings which 
may explain in part the unusual finding of 
capsulated pneumococci with a reduced sensitivity 
to penicillin, and without the accepted biochemical 
reactions of the organism. It is not considered i 
that a comparison of the property of mouse virulence 
in strains with in vivo and in vitroresistance 
can be made, as the rapid loss of this property 
in strains with in vitro resistance was regarded 
as possibly due to the frequent subcultivation 
which was required in this experiment. 
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Alteration in character of an organism after 
growth in a medium containing penicillin is not 
a new observation. In 1940 Gardner described 
the production of a flocculent growth of 
Clostridium welchii and pleomorphism in strains 
of Streptococcus pyogenes when these organisms 
were grown in the presence of penicillin. It 
has been shown that strains of Staphylococcus 
aureus when grown in increasing concentrations 
lose their morphological appearance and become 
'Gram- negative and bacillary in form (Klimek 
and colleagues, 1948; Bellamy and associates 
1948). Bellamy and associates (1948) 
demonstrated that the orgaisms had feebler fermen- 
tative powers than the original strain failed 
to grow in 6.5 NaCl, and did not reduce nitrates. 
Staphylococcus aureus with a moderate degree of 
induced in vitro resistance to penicillin 
regained sensitivity when grown in a penicillin 
free medium, (Todd and colleagues, 1945a; 
Klimek and associates, 1948). In the present 
study it was found that the level of penicillin 
resistance induced in pneumococci remained 
constant after numerous transfers in a penicillin 
free medium. This is in accordance with 
other 
¡workers in this field (Todd and colleagues, 
1945b; 
McKee and Houck, 1943). 
Pneumococci which were resistant to 
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penicillin were in two groups. In the first 
group were organisms which possessed primary 
resistance and were isolated at the start of the 
illness from patients who had not received 
treatment with penicillin. These organisms 
retained the typical morphological and colonial 
appearance of the pneumococcus. 
In the second group were organisms which 
had acquired resistance to penicillin and were 
isolated in most cases from patients who had 
received treatment with penicillin and from whom 
penicillin sensitive pneumococci were isolated 
at the start of the pneumonia. One case was 
placed in this group as there was a history of 
a recent pneumoc-)ccal infection which had been 
treated with penicillin. There were two 
varieties of organisms which showed acquired 
resistance to penicillin. The first were 
morphologically and colonially typical pneumococci 
The second type were acapsulated Gram positive 
diplococci smaller morphologically and colonially 
than typical pneumococci and were bile insoluble, 
optochin resistant and usually fermented inulin. 
It was possible by subcutaneous inoculation of a 
mouse to reverse a few of these strains to type 
specific pneumococci with an increased resistance 
to penicillin. 
Where the resistance to penicillin was 
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primary, the inhibitory concentration of 
penicillin ranged from 0.5 to 4 units per ml. 
From the severe nature of the infection 
suffered by one patient in this group, it was 
apparent that penicillin resistant pneumococci 
may possess a marked degree of virulence. This 
patient had a fulminating pneumonia with 
b after aemia and died 12 hours after admission to 
hospital. The infecting pneumococcal type in 
both sputum and blood was type 3. It cannot be 
assumed that penicillin resistance was the factor 
responsible for virulence, but it is of interest 
that of all the type 3 infections, this case ran 
the most rapidly fatal course. 
It was observed that type 3 pneumococci 
were inhibited by a higher concentration of 
penicillin than the other two types identified. 
Unfortunately the one other pneumococcus 
which was inhibited by a high concentration of 
penicillin was not typed. As there was delayed 
radiological clearing in this case, knowledge 
of the type would have been of interest, in view 
of the similar findings with type 3 pneumococcal 
infections. 
With such a small number of cases it is 
not possible to make more than tentative 
suggestions. However it would seen that type 3 
infections did adversely affect the progress of 
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the illness, and were associated with high 
inhibitory concentrations of penicillin. 
In the group where acquired resistance 
appeared during treatuu nt with penicillin, and 
the pneurnncocci retained their typical colonial 
and morphological appearance, one case was of 
particular interest. There was a previous 
history of a pneumococcal pneumonia some weeks 
before and the current illness was complicated by 
the presence of a sarcoma and chronic bronchitis. 
Although there was no doubt that the presence of 
the sarcoma was an important contributing factor 
in the fatal outcome of the illness, the 
pneumococcus isolated was responsible for an 
acute inflammatory process. 
The question arises if the pneumonia was 
a fresh infection from an outside source or a 
reinfection with the same organism which was 
responsible for the first illness. As neither 
strain was typed it is not possible to determine 
which f -)rm of infection occurred. However in view 
of the history, it would seem pertinant to con- 
sider the possibility of the patient being 
a 
convalescent carrier` The presence of 
this 
carrier state was recognised in the pre 
antibiotic 
era. Cruickshank (l9) isolated type 1 and 2 
pneumococci from patients twenty 
six months after 
recovery from lobar pneumonia due to infection 
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with these types. It would seem that a similar 
study in the present day could yield interesting 
information concerning the presence of carriers, 
and the sensitivity to penicillin of pneumococci 
isolated from patients who had received treatment 
with this drug. In the remaining patients in 
this group, it appeared that the appearance of 
penicillin resistance in the course of treatment, 
with the exception of some cases where radio- 
logical clearing was delayed, did not have an 
adverse effect on the progress of the illness. 
As only one pneumococcus in this series was 
typed, it was not possible to say if the strains 
isolated at later examinations --ere the same 
as those isolated at primary examination. The 
one type identified was a type 3 pneumococcus. 
Jones and Finland (1957) attempted to 
discover if there was any relation between the 
degree of sensitivity to penicillin and the 
infecting type of pneumococcus, but were unable to 
find a connection. 
In the present study, alth'ugh the numbers 
were small, it was seen that of the pneumococcul 
types isolated, type 3 pneumococci were inhibited 
by the highest concentration of penicillin. 
The other form of acquired resistance was 
observed in Gram positive diplococci which 
were 
resistant to penicillin. 
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These organisms were isolated during the 
later stages of pneumococcal pneumonias where the 
patients had been treated with penicillin. It 
was considered that they might be related to the 
pneumococcus for two reasons. One was their 
appearance in the sputum in the later stages of 
the illness. The other was the resemblance 
between them and the organisms produced by the 
action in vitro of penicillin 0: pneumococci. 
Both were penicillin resistant rather small acaps- 
ulated Gram- positive diplococci growing in 
diminutive colonies, insoluble in sodium 
desoxycholate, insensitive to optochin, frequently 
Jailing to ferment inulin and avirulent to mice. 
It was therefore decided to explore the 
possibility of transforming into typical 
pneumococci thos Gram -positive penicillin resistant 
diplococci which were isolated from some patients 
with pneumococcal pneumonia, in the later stages 
of their illness. 
Previous passage experiments using the 
intraperitoneal route had been unsuccessful in 
restoring virulence to avirulent pneumococci. 
However Griffith (1928) using subcutaneous 
inoculation in the reversing rough 
strains of 
pneumococci into smooth capsulated strains. 
It was therefore decided 
to apply this 
method since the object in view was similar to 
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Griffith. 
As the production of a smooth capsulated 
pneumococcus was achieved in some experiments, 
the assumption was that penicillin in vivo 
produced a rough form of pneumococcus. 
It has long been recognised that pneumococci 
undergoing subcultivation may become altered. 
Loss of the capsule is associated with the 
l,,ppearance of the rough form of colony. Work on 
the transformation of the pneumococcus has shown 
there are variations in this type of colony from 
very rough described by Ephrussi Taylor (1951) to 
intermediate from between smooth and rough 
described by 1 cLeod and Krauss (1947, 1950). 
Austrian (1953) using a selective cultural 
technique, produced a filamentous capsulated form 
of pneumococcus. These are however in vitro 
changes and there few reports of changes in 
pneumococcal morphology occurring in vivo. 
In 1910 Rosenow described a study of seven 
cultures isolated from endocarditis. He 
considered they were modified pneumococci which 
fermented inulin but grew atypically on culture. 
Masters and colleagues (1958) described optochin 
sensitive organisms which grew in small coloiies 
and were considered to be 'rough' pneumococci. 
Two factors were features of the successful 
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experiments. One was the need to employ as the 
transforming strain the same type of pneumococcus 
as had been isolated at the start of the 
pneumonia. When such á strain was not used, 
although Gram -positive diplococci were isolated 
from the subcutaneous lesion in some experiments, 
it was not possible to type them and they 
remained avirulent to mice even after passage. 
This varied from the results of Griffith (1928) 
who was able to cause pneumococci to assume the 
capsule of a different type. 
The other feature was the success was more 
frequent when the strain of pneumococcus respon- 
sible for the pneumonia, was of a virulent nature. 
The types in these cases were types 3 and 23. 
This latter type although not one of generally 
recognised virulence, had in this case caused a 
bacteraemic condition which could be regarded as 
an indication of its virulence on this occasion. 
There can be no doubt that these atypical 
resistant strains isolated from patients during 
the later stages of pneumonia would not have 
been recognised if the sputum had not been 
studied throughout the illness. Their appearance 
was not typical of a pneumococcus and they would 
have been possi'_ ly been labelled as a Strept. 
viridans without a previ-)us knowledge of the 
organisms isolated at the start of the pneumonia. 
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In this trial, examination of only a maximum of 
four specimens of sputum was done. It would be 
of interest if daily examination of the sputum 
could be undertaken. By this the morphological 
and biochemical changes occurring in the 
pneumococcus could be studied in detail and 
correlated more closely with the changes found 
in vitro. 
Of the experiments performed, not all were 
successful in producing transference of the 
capsular type. The results of Griffith (1928) 
showed that not all transformation experiments 
were successful. In the present study the 
cultural techniques may have been at fault. The 
cultures were cultured overnight but perhaps a 
shorter incubation time would have produced a more 
effective result. 
Success might have been more frequent if 
the original infecting strain of pneumococcus 
from the patient concerned had been used as the 
transforming strain. The virulence of this 
strain could be retained by passage through 
successive mice. 
General observations on penicillin 
resistance i_n pneumococc 
Extreme sensitivity to penicillin has so 
long been regarded as a property of the 
pneumococcus, that a statement concerning 
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possible resistance to the drug must be met with 
scepticism. Indeed the initial sensitivity tests 
were repeated without delay such was the degree of 
unbelief with which they were regarded. 
There is a likeness between these findings 
and similar results obtained with the gonococcus. 
Pneumococci and gonococci were regarded as 
organisms which were highly susceptible to 
penicillin and which showed no signs of becoming 
resistant to its action. This picture was 
changed by reports of gonococci which did not 
respond to treatment with penicillin. Curtis and 
Wilkinson (1958) measured the sensitivity of 302 
strains of gonococci. 19.5% of these were 
inhibited by 0.125 to 0.5 units of penicillin per 
m1.1 and failures of treatment occurred in this 
group. No failure was found when the inhibiting 
concentration was below 0.03 units per ml. A 
similar study was done by Cradock Watson and 
colleagues (1958) who found resistance to 
treatment greater in strains where the inhibitory 
concentration of penicillin was 0.128 units per 
ml. 
From a consideration of the few cases where 
the pneumococcus was typed, it seemed that 
virulent strains of pneumococci tended to. become 
resistant to penicillin. This was observed 
where the resistance was primary where of four 
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strains identified two were type 3 pneumococci 
and one was a type 8 pneumococcus. It was not 
possible to identify most of the pneumococci 
which acquired resistance but retained their 
typical appearance, but it was of note that the 
one strain which was typed was a type 3 pneumo- 
coccus. Association with virulence was seen, 
where acquired resistance occurred in pneumococci 
which lost their typical appearance, by the 
reversal of two avirulent organisms to capsulated 
pneumococci of the virulent types responsible for 
the original infections. It is realised that 
the numbers in this study are too small to be of 
statistical significance but it was considered the 
findings were of interest in view of other state- 
ments on penicillin resistance in type 3 
pneumococci. 
In the studied by McKee and Houck (1943), 
Rake and colleagues (1944), and Schmidt and Sesler 
(1943) of induced resistance to penicillin, it 
was shown that type 3 pneumococci acquired 
resistance to penicillin more rapidly than other 
types studied. A similar observation was not 
ade in the present study of in vitro production 
Of penicillin resistance. 
Hotchkiss (1951) stated that type 3 smooth 
strains of pneumococci can give rise spontaneously 
t-) a very small number of smooth penicillin 
resistant strains. 
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The spontaneuous mutation of penicillin 
resistant variants could be a possible explanation 
of the development of penicillin resistance in 
a type 3 pneumococcus treated with penicillin. 
Tais could apply to the one case of acquired 
resistance where the infecting type was a.type 3 
pneumococcus. Where the resistance was primary 
and no penicillin had been received, it would 
appear possible that the infection was an 
exogenous one. Type 3 pneumococci are found in 
10.5% of healthy carriers (Heffron 1939). It 
may he as a result of the widespread use of 
renicillin that certain of these strains have 
acquired resistance to penicillin. 
The possibility of penicillin resistant 
pneumococci in the carrier state arose in one 
case of acquired resistance where there was a 
relapse of pneumococcal pneumonia. 
It is apparent from this study that for 
an understanding of penicillin resistance in 
pneumococci, typing of the organism is necessary. 
Unless this is done the significance of 
resistance developing in vivo cannot be 
estimated. 
Finally this investigation demonstrates 
that it is essential for the sensitivity of the 
pneumococcus to penicillin to be estimated. It 
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can no longer be assumed that this organism is 
sensitive to penicillin. 
Resistance to streptomycin was observed in 
the majority of strains of pneumococci. isolated. 
In addition to the strains of pneumococci which 
were resistant at the start of the pneumonia, it 
was apparent from examination of a typable strain 
which was present on more than one occasion, that 
resistance to streptomycin was quickly acquired. 
When the pneumococcal types which showed resistance 
were considered, it was seen that there was a 
fairly wide range of types affected. The hi. h 
incidence of streptomycin resistant strains would 
indicate that this antibiotic is not the drug 
of choice in pneumococcal infections. By some 
physicians the administration of streptomycin 
in any type of acute respiratory infection is 
considered inadvisable, until the possibility of 
infection with the tubercle bacillus has been 
eliminated, in view of the rapidity with which 
this organism acquires resistance to streptomycin. 
The presence of streptomycin resistance in 
pneumococci was taken advantage of by Masters and 
colleagues (1958) who by incorporating 2 mcg. per 
ml in the culture medium obtained a good 
selective medium for the isolation of pneumococci. 
Although most of the strains were 
sensitive to tetracycline, there were some where 
386 
the sensitivity was reduced. It may be 
considered that this degreeof resistance is of 
doubtful significance but it is of interést to 
find this range of sensitivity in an organism 
which is considered sensitive to tetracycline. 
Apart from its importance in acute 
respiratory infections,the pneumococcus is of 
significance as an infecting agent in chronic 
bronchitis. Long term therapy with this drug 
is frequently administered in an attempt to 
prevent damage to the lung tissue by infection. 
The appearance of resistance to tetracycline by 
pneumococci is therefore of great importance. 
It might be considered that the appearance of a 
degree of resistance is an indication of the 
extent of this form of treatment in recent years. 
The pneumococcal types which showed reduced 
!sensitivity to tetracycline were varied, and it 
lwas of interest that they were types associated 
with the carrier state and infection in chronic 
bronchitis. 
In the present study there was evidence of 
acquired resistance in typable strains isolated 
at later examinations. Jones and Finland (1957) 
described a case of pneum -,coccal pneumonia in 
which the organism showed an in vitro increase in 
resistance to tetracycline. The inhibitory 
concentration rose from 0.2 mcg. to 6.3 mcg per 
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ml., from the first to the fifth week. These 
authors suggested that pneumococci sequestered 
within large areas of necrosis and suppuration 
may acquire resistance during the course of 
treatment. 
Recently Parker and colleagues (1962) 
commented on the appearance of tetracycline 
resistant strains of Strept. pvogenes in various 
parts of Great Britain. 12% of 921 strains 
tested by the authors were resiste nt some of these 
Hoeing inhibited by concentrations of between 60 
and.100 mcg. per ml. Like the results in the 
present study these findings were unexpected and 
would seem to indicate that changes may occur 
in the sensitivity pattern where orga'.isms are 
exposed to antibiotics over a prolonged period. 
The susceptibility of an organism to an antibiotic 
can no longer be assumed but must be confirmed in 
the laboratory. 
Approximately 75% of the strains of 
(Staphylococcus aureus isolated were resistant to 
'penicillin. From a review of the literature 
from many countries including the United States and 
England, Finland (1955) concluded that almost 
three fourths of all strains of coagulase positive 
staphylococci in hospital patients are penicillin 
resistant. A high proportion of penicillin 
resistant strains isolated in the later stages 
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of the pneumonia appeared to be associated with 
hospital infection rather than acquired resistance 
in a previously sensitive strain. Barber (1953) 
showed that the epidemic hospital strains were 
able to displace the str .a;ns which the patient 
carried in the nose. In this study she demons- 
trated that lrp% of patients on admission carried 
penicillin resistant strains whereas 58% did so 
on discharge from hospital. 
There was evidence that resistance might 
have been acquired by some strains in the course 
of treatment. As phage typing was not done it 
is not possible to say if these strains persisted 
throughout. In a study by Goslings and colleague 
(1959) ,there appeared to be an increased resistanc 
to antibiotics in strains isolated after admission 
to hospital but phage typing of these strains 
showed that the type was diffèrent to that 
isolated at primary examination. 
Resistance to tetracycline was observed in 
half the strains of Stabh lococcus aureus 
isolated in this study. The review by Finland. 
(1955) indicated that the incidence of tetracyclin 
resistant strains was lower than this figure. 
The higher incidence now found may be a measure 
of the increasing use of tetracycline as a 
therapeutic agent in the intervening years. From 
the appearance of tetracycline resistant strains 
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in patients during their stay in hospital, it 
could be assumed that the hospital stra.iris were 
resistant to the drug. There was little 
evidence of acquired resistance occurring during 
treatment but without identification of the phage 
type it cannot be confirmed if this did take 
place. 
The sensitivity pattern of streptomycin was 
very similar to that of tetracycline. 
Approximately half the strains were resistant to 
the drug and all strains isolated from the first 
time during the inter stages of the illness were 
resistant. There was little evidence of 
resistance a pearing during treatment. 
From the presence of resistance to penicilli , 
streptomycin, and tetracycline in all strains of 
Staphylococcus aureus isolated for the first time 
at later examinations, it might be concluded that 
this was the pattern of resistance of the 
organisms prevalent in the hospital environment. 
It is therefore surprising that 325 of these strains 
were not responsible for a secondary infection, 
as in the opinion of Barber (1962) such strains 
are of high virulence having survived attack by 
both body defences and antibiotics. 
The three antibiotics discussed, penicillin, 
tetracycline, and streptomycin have been 
commonly used in the treatment of staphylococcal 
390 
infections. In view of the degree of resistance 
found in many of the strains it would appear 
desirable to determine the sensitivity of the 
organism before commencement of treatment. For a 
full understanding of the apparent development 
of resistance to these drugs,it is essential 
that phage typing be undertaken. 
In contrast to the resistance observed with 
penicillin, tetracycline,and streptomycin, all 
strains of Staphylococcus aureus isolated during 
the investigation were sensitive to chloramphenico 
and novobiocin. 
Initially all str,¡ns were sensitive to the 
action of erythromycin. However resistancei 
appeared to develop in one case. The level of 
the inhibitory concentration of erythromycin 
rose rapidly in the course of two days treatment. 
Finland (1955) remarked on the steady increase in 
resistance to erythromycin, after exposure to the 
drug. In view of these findings, it would be 
advisable where the patient is receiving 
erythromycin, that the sensitivity of every strain 
of Staphylococcus aureus isolated be estimated in 
order that resistance is detected without delay. 
When the sensitivity of Haemophilus 
influenzae to penicillin was considered it was 
seen that the strains isolated were divided into 
two main groups, a smaller one where the organisms 
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were highly sensitive to penicillin and a larger 
one where they were highly resistant to the action 
of the drug. With the exception of one strain 
isolated for the first time on the tenth day, 
all the sensitive organisms were isolated at the 
start of the pneumonia. As all strains of 
Haemophilus influenzge isolated in the investi- 
gation were unencapsulated, the isolation of 
these sensitive strains is an unusual finding. 
Fleming (1929) considered Haemophilus 
inAuenzae insensitive to penicillin and advised 
incorporation of penicillin in culture medium 
in order to facilitate isolation of Haemophilus 
infïuenzae from mixed cultures. 
A study of in vitro sensitivity of 
Haemophilus influenzae was made by Finland and 
Wilcox (1950). Of 30 strains examined 7 were 
inhibited by concentrations of penicillin of up 
to 0.5 units per ml. Three of these were 
inhibited by concentrations of 0.1. to 0.2 units 
per ml. which is higher than the levels of 0.03 
and 0.06 units per sil. found in the present 
investigation. 
In the investigation by Gordon and Zinneman 
(1945),the lowest concentration of penicillin 
hich inhibited growth was 1 unit per ml. Stuart 
arris (1953) considered that Haemophilus 
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influenzae was inhibited by concentrations of 
penicillin ranging from 0.1 to 10 units per ml. 
From the results of the present study it 
would appear that there are rough strains of 
Haemophilus influenzae which are highly sensitive 
to the action of penicillin. The incorporation 
of penicillin in culture medium would result in 
failure to isolate such strains and the wide- 
spread use of such media may be the reason why 
no previous reports of strains of Haemophilus 
influenzae highly sensitive to penicillin have 
been recorded. 
In two cases where penicillin sensitive 
strains were isolated on the first day, penicillin 
resistant strains were isolated on the second day. 
In a third case second day examination was 
negative but penicillin resistant strains were 
isolated on the fifth day. There are two 
possible explanations. There may have been 
a rapid acquisition of resistance, a finding 
which has not been reported previously. As it is 
not possible to identify rough strains of 
Haemophilus influenzae, this theory must remain 
unconfirmed. Another explanation is that the 
organisms isolated at later examinations were 
derived from the patient's naso pharynx or from 
the environment. 
Although most strains of Haemophilus 
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influenzae were sensitive to tetracycline, two 
strains showed in vitro resistance to this 
antibiotic. This finding would seen to be of 
great importance in view of the frequency with 
which tetracycline is used as maintenance therapy 
in chronic br,nchitis. Although Háemophilus 
influenzae is an infrequent cause of pneumonia, 
it is a frequent infecting agent in chronic 
bronchitis, and is responsible for acute infective 
episodes which destroy lung tissue and impair 
pulmonary function. Using the disk diffusion 
method for determination of the antibiotic 
sensitivity, Murdoch and colleagues (1959) 
considered that during treatment with oxytetracy- 
line, four out of thirty five patients produced 
drug resistant strains of Haemonhilus influenzae 
in the course of treatment. It would seem 
advisable therefore before the start of treatment 
and during the period of -:ar eventive therapy, to 
test the sensitivity of the orgrilism as it 
would appear that certain strains are not 
completely sensitive to the action of this 
antibiotic. 
The majority of strains of Haemophilus 
influenzae isolated were sensitive to streptomycin, 
but there were a few strains which were inhibited 
by a concentration which was higher than previous 
writers have reported. The range of streptomycin 
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causing inhibition of growth in the study by 
Finland and Wilcox (1950) was from 1.6 to 3..1 
mcg. per ml. Stuart Harris (1953) considered the 
inhibitory concentration was from 1.0 to 10 mcg 
per ml. An inhibitory concentration of 32 mcg. 
per ml was found in two strains isolated in the 
present study. Streptomycin was considered by 
Kirby (1955),and Crowell and Loube (1954), a 
possible drug in the treatment of pneumonia 
. 
caused by Haemophilus influenzae. It would appear 
from the present investigation that although 
in most cases this is so, there are resistant 
strains, and preliminary sensitivity testing 
is advisable. 
All strains of Haemophilus inf luenzae were 
sensitive to chloramphenicol. It would however be 
inadvisable to use this drug in the treatment of 
respiratory infections in view of the possible 
occurrence of a blood dyscasia which is a side 
effect of this antibiotic. 
The high resistance to penicillin present 
in all strains of Klebsiella pneumoni, isolated 
during this investigation is in agreement with 
previous studies. Epstein (1959) and Jervey and 
Hamburger (1957) found all strains resistant to 
penicillin. 
The sensitivity to tetracycline indicated 
a higher degree of resistance than had been 
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reported previously. Epstein (1959) found all 
strains sensitive and Limson and colleagues (1956) 
considered one of twelve strains examined 
resistant. 
One strain was resistant to streptomycin. 
In the studies by Jervey and Hamburger (1957) 
all strains examined were sensitive. Limson and 
others (1956) considered one strain resistant to 
streptomycin. 
There were three strains which showed 
esistance to chloramphenicol which compares with 
the findings of Jervey and Hamburger (1957). 
pstein (1959) considered all strains were 
sensitive to Chloramphenicol. 
It would appear from the present study that 
he majority of strains of Klebsiella oneumoni ae 
ere sensitive to streptomycin, chloramphenicol, 
and tetracycline. There were exceptions which 
would indicate the advisability of determining 
the sensitivity of the organisms before treatment 
's commenced. Although the sensitivity of the 
rganisms to streptomycin would appear to be a 
actor influencing the choice of this drug, rapid 
esistance to streptomycin is readily acquired. 
his was observed by Finland and colleagues in 
946. 
Factors ' nfluencin the solation rate 
of pathogenic organisms 
Tt was a.nnarent from the findings hf this 
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study, that for full investigation of the 
bacterial flora of the sputum, it was necessary 
to employ certain selective techniques. 
From a comparative study of untreated and 
homogce_z sed sputum, it was evident that culture of 
the latter type of specimen yielded the greater 
number of pathogenic organisms and if this 
procedure had not been undertaken, many of the 
cases would not have been diagnosed bacteriolo- 
gically. This finding is in agreement with May 
(1952, 1953a) who demonstrated that pathogenic 
bacteria were irregularly distributed in the 
sputum. To overcome this he advocated 
homogenisation of the sputum and a technique to 
produce this effect was devised by Rawlins 
(1953), who used pancreatin as a homogenising 
agent. A later study by May (1954) showed the 
effectiveness of this method in producing a 
regular distribution of pathogenic organisms in 
the sputum. 
In the present study, the sputum was 
treated by shaking with water and beads, a method 
which wes considered equally as effective as 
homogenisation with pancreatin. This has been 
demonstrated in the earlier part of this thesis. 
The production by homogenisation with water, of 
a specimen suitable for intrp peritoneal 
inoculation of mice, was considered to be an 
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additional advantage of this method. 
The only selective medium employed in this 
investigation was heated blo,d agar. This was 
used for the isolation of Haemophilus influenzae 
and omission of this medium would have resulted 
in a failùré to identify some strains of this 
organism. 
Previous investigators have commented on 
the value of a selective medium for the isolation 
of HaemoDhilus influenzae (Humphrey and colleagues 
19+8; Stuart Harris and associates, 1953). 
There was no doubt that culture of 
pneumococci in an atmosphere of lO% carbon 
dioxide enhanced the growth and facilitated 
recognition of the organism. Humphrey and 
colleagues (19+8) considered that culture under 
these conditions improved the isolation rate of 
pneumococci. In the present investigation there 
were two strains of pneumococci which grew only 
in the presence of carbon dioxide. It is of 
interest that these patients were classified as 
severe chronic bronchitics. It is possible there 
is a relationship between this finding and the 
poor pulmonary ventilation present in many 
chronic bronchitic patients. Fleming in 19+1 . 
reported a strain of pneumococcus which grew only 
under the influence of carbon dioxide and advised 
the use of such cultural conditions for the 
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isolation of pneumococci. 
A moist atmosphere was found to improve the 
growth of pneumococci. In this investigation 
the method employed to produce carbon dioxide 
was the action of hydrochloric acid on the chalk. 
A certain amount of moisture appeared in the 
container and it was observed that the amount of 
growth was in proportion to the degree of 
condensation. To further this a jar of water 
was placed in the container. The enhancing 
effect of a moist atmosphere on the growth of 
pneumococci was observed by Masters and 
colleagues (1958). 
It was obserbed that mouse inoculation was 
a highly efficient method of isolation of 
pneumococci, and by the employment of this 
technique the isolation rate of this orgalism could 
be considerably increased. Fourteen strains 
were isolated by this method alone and it is 
considered probable that certain cases in the 
early part of the trial, were not diagnosed 
bacteriologically as facilities for mouse 
inoculation were not then available. Omission of 
this technique in the largest part of the study 
by Crofton and colleagues (1951), was regarded by 
these authors as a likely cause of failure to 
isolate pneumococci from Probable cases of 
pneumococcal pneumonia . Humphrey and others 
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(1948) considered that the isolation rate of 
pneumococci could be increased by 35% by the 
addition of mouse inoculation to the range of 
tests. 
Of the other pathogenic bacteria isolated 
by mouse inoculation, all were found on direct 
culture of the sputum and the property of mouse 
virulence did not appear to be significant. 
The pneumonias caused by a few strains of mouse 
virulent Hpemo-ohilus influenzae and Staphylococcus 
aureus were not of marked severity and the 
patients made uneventful recoveries. 
By the criterion of Kauffmann (1951) who 
considered that mouse virulence was a property 
of strains of klebsiella which are the cause 
of respiratory infections, the one isolation of 
Kiebsiella pneumonia in this series could be 
regarded as of significance. It proved to be 
of clinical significance in this case as it 
revealed a new infection probably originating 
from the hos,ital environment in a patient who 
was recovering from a pneumococcal pneumonia. 
When the results of culture of sputum and 
laryngeal swabs were considered it was apparent 
that culture of the sputum was the more effective 
method of isolation of pathogenic organisms. 
If it can be assumed that the technique of 
swabbing the larynx was beyond reproach, it 
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would seem advisable to study further the 
bacteriological methods employed in examination of 
the swabs. The swabs were plated on blood agar, 
and heated blood agar; this was the only examin- 
ation undertaken, it would seem advisable to make 
a fuller bacteriological study. In the study by 
Austrian (1959), the swabs were incubated in 
peptone broth and the culture inoculated on blood 
agar and into a mouse. An improved isolation rate 
and 
of pneumococci Haemophilus influenzas from the 
nose and throat swabs was obtained by Masters and 
colleagues (1958) by the use of Pike's medium 
crystal violet and sodium azide 
in blood agar. The culture of laryngeal swabs 
is therefore a subject which should be studied 
further as this specimen may be the only one 
available from a case of pneumonia. Difficulty 
in coughing is frequently encountered in 
pneumonia as a result of pain, and in old age 
where debility may impair the expectoration of the 
bronchial secretions. 
It was observed in the present study that 
the application of a swab to the larynx :zid in 
some cases induce a productive cough. 
Anaerobic culture was not employed routinely. 
In one case numerous pneumococci were 
present in a film stained by Gram's stain but 
culture of the specimen under aerobic 
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conditions produced no growth of pneum000cci. 
When culture was repeated after 24 hours under 
anaerobic conditions, a profuse growth of type 
23 pneumococci was obtained. The pneumococcus 
obtained by mouse inoculation also required 
anaerobic conditions of culture. Humphrey and 
colleagues (1948) considered that anaerobic 
culture increased the isolation rate of pneumococc 
The finding in the present study emphasises 
the importance of a preliminary Gram film in 
the investigation of cases of pneumonia. It 
also demonstrates that pneumococci can survive 
in room temperature for 24 h -'urs. Humphrey and 
others (1948) did not considered pneumococci 
survived well at this temperature. 
It would appear that ideally all specimens 
should be cultured under anaerobic conditions. 
This practice however may be limited by the 
laboratory facilities available and the number 
of specimens requiring examination. Where 
conditions preclude anaerobic culture of every 
specimen, the possibility of an anaerobic 
organism should be borne in mind when a 
pneumococcus which is present in a Gram film fails 
to grow on aerobic culture. 
It is apparent from the preceding 
discussion that in cases of pneumonia the 
isolation rate of pathogenic bacteria can be 
i. 
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markedly increased by the introduction of 
comparatively simple bacteriological techniques. 
It is not considered that any of the methods are 
beyond the scope of a routine laboratory. The 
work entailed is not excessive and is far 
outweighed by the advantage of an early correct 
diagnosis of the infecting agent. 
The use of these techniques does not apply 
only to the diagnosis of pneumonia, but to all 
bacteriological examinations of the sputum. 
As these methods are mainly concerned with 
the isolation of pneumococci and Haemonhilus 
influenzae, they could be profitably applied to 
the examination of the sputum of patients with 
chronic bronchitis, where these organisms are 
commonly associated with infection. 
It is perhaps fitting at this time to 
consider the point frequently raised by 
physicians, that the isolation rate of pathogenic 
organisms increases when an investigation of a 
special nature is undertaken. This is the 
natural result of close co- operation between the 
laboratory, and clinical and nursing staff, and 
should not be restricted to such investigations. 
When all available information and a suitable 
specimen are sent to the laboratory, the bacter- 
iologist then has the material on which to conduct 
a full and possible rewarding examination. 
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Mortality 
In a study of the fatal cases in this 
investigation, the most significant factor which 
emerged was the high incidence of pneumococcal 
infections. This organism was definitely 
present in seven and probably present in another 
of the eleven fatal cases. Tt would appear 
th _t the mortality rate in pneumococcal 
pneumonias was about 10. When other 
investigations of pneumococcal pneumonia are 
considered it can be seen that the figure 
obtained in the present study was relatively 
high. 
Dowling and colleagues (1947) reported a 
7% mortality rate. The death rate reported 
by Austrian and Rosenblum (1953) was 3% and 
that found by D -vis (1954) was 0.5%. 5% of 
cases of pneumococcal pneumonia studied by 
Humphrey and colleagues (1948) terminated fatally. 
Pneumococci are generally considered to 
be extremely sensitive to the action of 
antibiotics and in view of this it is pertinant 
to enquire further for a possible explanation 
of the deaths which occurred among patients who 
received the appropriate therapy. 
Type 3 was the predominant pneumococcal type 
isolated from fatal cases. The high mortality 
of type 3 pneumococci infections f or older people 
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is demonstrated by the finding that four of the 
five patients over 6o years infected with this 
type, had a fatal illness. The isolation of 
type 3 pneumococci from older patients should 
be regarded as a finding of serious significance. 
In the pre -antibiotic era, Heffron (1939) 
considered that type 3 infections were responsible 
for 45 to 60;% of deaths in pneumococcal 
pneumonia. This high mortality would appear 
to still apply to the older age groups who 
despite antibiotic treatment are unable to 
withstand infection with this type. 
The poor prognosis of pneumonia where 
there is associated bacteraemi_a is illustrated 
by the presence of this condition in three of 
these four cases of type 3 infections and in one 
where the infecting strain was a type 14 
pneumococcus. This finding would indicate the 
value of blood culture as a means of assessing 
the significance of such pneumococcal infections 
and the possible progress of the disease. 
The study demonstrates the extremely grave 
illness which may result from infection with the 
pneumococcus; this was evident in one case 
where the infectin,= strain was a type 3 
pneumococcus with an reduced sensitivity to 
penicillin. Here the 1atient suffered an 
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overwhelming infection, which was manifested by 
extensive consolidation and the presence of 
bacteraemia, The other fulminating case was a 
young girl of 17 years. Although the infecting 
agent was not proved beyond doubt to be a 
pneumococcus, it was considered a possible cause 
in view of the presence of capsulated diplococci 
in the film of the laryngeal swab, and the 
clinical appearance of the case. 
It was of interest that three weeks 
previously she had suffered from an infection of 
the upper respiratory tract, a condition which 
frequently precedes pneumonia. Straker and 
colleagues (1939) found an slightly increased 
carrier rate of pneumococci a week after the 
onset of a 'cold'. There were therefore in 
this case possible predisposing conditions for a 
pneumococcal infection. 
It is unfortunate due to failure in 
cultural technique and omission of culture of the 
blood, that positive identification of the 
infecting organism was not made. Although no 
therapeutic measures were of avail in this caser 
the identification of an organism which caused 
an illness of such severity is of the greatest 
importance. 
The possible predisposing action of an 
upper respiratory infection is demonstrated 
4.06 
in the cese infected with a type 6 pneumococcus 
which is a strain commonly found in the carrier 
state (Cruickshank and others 1960). Here the 
patient was an elderly debilitated woman who 
developed pneuroL.ia two, weeks after a cold and 
this case would seem to have all the features of 
an endogenous infection. 
In the present study there appeared to be 
a relationship between mortality and increased 
resistance to penicillin by pneumococci. In 
two cases this was associated with infection with 
type 3 pneumococci. The first of these was the 
case where infection was very severe in type and 
the patient died 12 hours after admission. 
Infection in the second case was with a 
penicillin sensitive pneumococcus which disap- 
peared from the sputum to be replaced by a 
Gram positive diplococcus which was highly 
resistant to penicillin, avirulent to a mouse and 
to the patient. By mouse inoculation this 
organism was transformed to a type 3 pneumococcus 
which was highly resistant to penicillin. It is 
not considered that the penicillin resistant 
organism isolated at later examinations was 
itself virulent, but that the type 3 pneumococcus 
which developed this form of resistance was 
responsible for a severe infection. 
407 
In the third case the penicillin 
resistant penumococcus was not typed and was 
isolated from a patient who had a recurrence of 
a pneumococcal infection. As this case was 
complicated by the presence of a sarcoma and 
chronic bronchitis, it is not clear what part 
was played by the pneumococcal infection in the 
fatal outcome of the illness. It would appear 
that it was responsible for the marked inflamm- 
atory condition which was present. 
An observation of this nature has not 
been made previously. As the sensitivity of 
the pneumococcus to penicillin is assumed, 
treatment of a pneumococcal pneumonia may be 
commenced without prior determination of the 
sensitivity of the organism. Austrian (1957) 
considered that sensitivity testing of 
pneumococci was not necessary. The findings of 
the present study refute this. The conclusions 
from this investigation are that pneumococci are 
no longer completely sensitive to penicillin and 
in view of the serious nature of the infection 
produced by certain resistant strains, it is 
essential for the sensitivity of the pneumococcus 
to penicillin to be estimated. If this is 
found to be reduced it would be advisable that 
another form of therapy be instiuted. 
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From one case no bacterial pathogens were 
isolated. Antibiotic treatment had been given 
before admission which could account for the 
failure to isolate the infecting organisms. 
This patient suffered from severe chronic 
bronchitis. It would appear in this case that the 
pneumonia was the terminal event in a patient 
severely disabled by chronic bronchitis. 
In this group Staphylococcus aureus was 
observed as a secondary infecting agent in two 
patients with chronic bronchitis. The infection 
in these cases was controlled, but there can be 
little doubt that the occurrence of pneumonia had 
a deleterious effect on the progress of the 
chronic disease. The danger which infection 
constitutes to the patient with chronic 
bronchitis is demonstrated by the presence of five 
such patients in this group of eleven fatal cases. 
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Summary 
153 unselected cases of pneumonia were 
studied. In 68 cases the pneumococcus alone or 
with Haemorxhilus influenzae was the infecting 
agent. Of the remaining cases 15 were infected 
by Haemobhilus influenzae, 11 by Staphylococcus 
aureus and in 59 cases no specific bacterial 
agent was found. 
There were 109 male patients and 44 female 
patients. 69% of the male patients and 59% of 
the female patients were over 50 years of age. 
There was a tendency for pneumococcal 
infections to occur in the older patients. This 
was particularly marked in male patients where 
78% of these infections were in patients over 
50 years. 
The pneumococcal types isolated most 
commonly from older patients were type 3 and 
those types belonging to the higher numbers. In 
older patients infection with types 1 to 8 
generally produced a more serious illnesstihan when 
the infecting types were of the higher numbers, 
also older patients infected with ty,'es 1 to 8 
had á more severe illness than younger patients 
infected with these types. 
The presence of bacterae_:_ia was a serious 
prognostic sign in older patients. 
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An unusual feature was the high incidence 
of infections considered due to Haemophilus 
influenzae and the failure to identify a definite 
predisposing cause in some of these cases. 
The commonest predisposing factor to 
infection with Staohvlococcus aureus was the 
presence of chronic bronchitis and the two 
deaths in this group occurred in patients with 
this disease. 
31 cases where no specific bacterial agent 
was isolated had received antibiotic treatment 
before admission. In a few of the remaining 
cases it was possible that organisms of low 
pathogenicity were responsible for infection. 
In other cases the bacteriological examinations 
undertaken were incomplete. 
The use of selective cultural techniques 
increased the isolation rate of pathogenic 
bacteria. 14 strains of pneumococci were 
isolated by rouse inoculation only. 
Strains of pneumococci with an increased 
resistance to penicillin were isolated. e 
were isolated at the start of the pneumonia 
from patients who had not received penicillin 
treatme nt and others were found in the later 
stages of pneumococcal infections which had 
been treated with penicilli . 
-Wo types. of 
organisms were isolated. )ne group reta &ned 
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the morphological and colonial appearance of the 
pneumococcus but lost the typical biochemical 
reactions of that organism. Such organisms were 
found in both the early and late stages of the 
pneumonia. The second type found in the later 
stages of pneumonia, were small acapsulated 
Gram-positive dipococci which did not possess 
the biochemical reactions of pneumococci. 
As it was considered these organisms might 
be 'rough' strains of pneumococci produced by 
the action of penicillinn vivo, attempts were 
made to reverse them to capsulated strains by 
subcutaneous inoculation of mice. Two such 
experiments were successful in producing a type 
specific pneumococcus with a reduced sensitivity 
to penicillin. In vitro resistance to penicillin 
was induced in 30 strains of pneumococci. 
Pneumococci thus treated lost their col -nial and 
morphological appearance and biochemical reactions, 
and there was a similarity between the orgy isms 
produced by this form of resistance and those 
Gram positive diplococci isolated during the later 
stages of pnaumococcal pneumonias. some strains 
of pneumococci and laemophilus influenzae 
showed an increased resistance to tetracycline, 
a finding which appeared of significance in view 
of the use of this drug in the treatment of 
chronic bronchitis. 
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Pneumococcal infections were responsible 
for the largest number of deaths in the series 
and in some fatal cases the strains, of 
pneumocncci showed resistance to penicillin. In 
five of the eleven fatal cases in the series - 
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